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EXECUTIVE SUMMARY

This document provides design information for the Demonstration Bulk Vitrification System
In-Container Vitrification System as well as an overview of the system. This information is
provided in accordance with the requirements of Permit No. WA 7890008967, “PERMIT FOR
DANGEROUS AND OR MIXED WASTE RESEARCH, DEVELOPMENT, AND
DEMONSTRATION.”

Specific design information is provided in this report for the In-Container Vitrification System,
with details for installation and the Demonstration Bulk Vitrification System site to follow in a
scparate installation package. Specific design information discussed in the report is presented in
the following arcas:

. System description,

. System location,

. Calculations,

. System sketches,

. Design codes and standards,
. Waste assessment,

. Controls,

. Secondary containment and leak detection,
. Corrosion asscssment,

. Inspection schedule, and

. Installation assessment.

Where information regarding treatment, management, and disposal of the radioactive source,
byproduct matcrial and/or special nuclcar components of mixed waste (as defined by the Atomic
Encrgy Act of 1954, as amendced) has been incorporated into this document, it is not incorporated
for the purpose of regulating the radiation hazards of such components under the authority of
Chapter 70.105 of the Revised Code of Washington and its implementing regulations but is
provided for information purposcs only.
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2.6 IN-CONTAINER VITRIFICATION SYSTEM

The ICV box is the container that will receive the dried waste mixture from the Waste Dryer
System via the Dried Waste Handling System (see Section 2.4). After material transfer into the
box, the dried waste mixture is vitrified (treated) in the ICV box. Gases produced during the
vitrification process are vented to the OGTS (see Section 2.5).

On completion of the melt process and after a prescribed cooling period (time to be developed
during testing with non-regulated material), shielding in the form of top-off soil is added to the
ICV box. Sufficient top-off soil is added such that the interior of the box is at least 90 percent
full and dose rates at the top of the box are as low as reasonably achievable. The top-off soil is
delivered from the top-off soil impingement tanks located in the melt area enclosure and is
metered into the box via the top-off soil feed chutes. Top-off soil is also added through the
waste feed chutes using the Dried Waste Handling System (clean soil is passed through the waste
dryer to the Dried Waste Handling System).

After addition of the top-off soil, the ICV box ports are sealed and the AWTE is disconnected
from the ICV box; the filled box is transported from the melt area to the storage and sampling
area to continue cooling. Once sufficiently cooled, the box is sampled in the sampling area and
then moved to the temporary storage area in readiness for transportation to its permanent
disposal location.

2.6.1 System Description

The ICV System is comprised of the ICV box and the air pallet caster system. The ICV box
[Resource Conservation and Recovery Act of 1976 container] is comprised of a reinforced steel
container lined with insulating materials, which contains the waste in its initial dry form as well
as its molten and final solid vitreous form. Further, the ICV box provides containment for the
top-off fill material added to the box post-melt and includes box lid gaskets, waste and soil fill
port seals, electrode seals, and a HEPA breather filter installed post melt.

The air paliet caster system is a portable frame levitated on an air film that engages the bottom of
the ICV box to lift and move the ICV box to various locations within the DBVS site (e.g., from
the box preparation area to the melt station, box cooling location, box sampling location, and
storage locations [see Appendix C6, Drawing F-145579-00-D-0007]). The ICV box is supported
by curbs at the processing stations and on the storage pad (see Drawings F-145579-00-B-0022
and 145579-00-B-0025 in Appendix C6)

Preparation and assembly of the ICV box for use is also covered in this section; however, dry

waste feed and top-off control systems are discussed in the Dried Waste Handling System
description (see Section 2.4).

2-73
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2.6.1.1 In-Container Vitrification Box (Specification 145579-D-SP-023). The ICV box is
based on a standard 50-yd” roll-off box with modifications and designed to be water tight;
withstand the hydraulic and thermal loads of the molten glass and the weight of the total contents
of insulation, sand, refractory, glass, and top-off materials. The ICV box is shown in Drawing
F-145579-35-D-0004 in Appendix C6.

The ICV box, complete with lid and port caps, will be delivered to the site on a flatbed truck and
offloaded into the ICV box preparation building. The sealing gaskets for the area between the lid
and box will not be installed on the ICV box for shipment to prevent premature crushing of the
gasket. See datasheet 145579-D-DS-050.1 for seal details (Appendix G6).

The ICV box lid is an integral lid and vent hood that is installed on the ICV box at assembly and
remains on the box through processing and ultimately goes to the disposal site. It will be
fastened to the top flange of the ICV box and is sealed to it with bolts, nuts, and a refractory
gasket. The ambient air inlet penetration on the ICV box is connected to a HEPA filtered inlet
stack via ducting that passes through the AWTE.

The ICV box HEPA breather filter is installed after top-off soil is introduced into the ICV box
and just before the AWTE disconnect. The ICV box HEPA breather filter will function to avoid
pressurization/de-pressurization during cooling and storage.

The ICV box lid will also have ports in wells for electrodes that will be hung in electrically
insulating bushings that seal to the lid as well as to the electrodes (for electrode and accessories
detai! see Data Sheet 145579-D-DS-029.1 in Appendix GG). There will be five ports for material
charge into the ICV box: three for top-off soil and two for waste feed. The material feed ports
will be capped, which seal to the ICV box lid. After moving an empty box into the melt area,
these caps will be removed to allow the material chutes to extend out of the box and into the
AWTE to connect with the material feed chutes.

Caps will be placed onto the open ports and electrode wells for storage/burial once all the chutes
and electrode extensions have been disconnected and are clear of the ports and wells.

2.6.1.2 In-Container Vitrification Box Assembly. Once the ICV box has been received at
the box assembly building, the box lid is removed and the box insulation, sand, refractory panels
(container liners), and starter path (including protective covering) are installed inside the ICV
box. The box instrumentation, instrumentation wiring hamess and electrodes are assembled in
the ICV box, and the box lid is installed in the box assembly building before the assembled box
is moved to the melt area using an air pallet. The foundation for this building is shown on
Drawing H-14-106797 (scc Appendix C6).
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Insulation board is used in box assembly at both ends of the container to allow for some thermal
expansion along the length of the box. The ICV box will be lined in order from the steel wall (or
insulation at the ends) inward with:

1. Silica sand;

2. Insulation board (used only on box ends); and

3. Castable refractory panels.

The assembled ICV box and its contents are shown in Drawing F-145579-35-D-0004 in
Appendix C6. The silica sand acts as a melt barrier for any glass leaks if the refractory fails and
as a cushion for the refractory panels to allow for differential thermal movement between the
lining and the metal box.

The refractory panels are the primary containment of the melt, but also prevent fume from
escaping into the outer box area and provide shielding against the radioactive materials inside

the box.

Activities currently identified to be performed prior to moving the assembled ICV box to the
melt area include the following tests and inspections:

. Proper installation and sealing of refractory materials.
. Installed thermocouples are tested for continuity.
. Starter path material, including protective cover, has been properly installed with

the electrodes into the box.

. A continuity test is performed to ensure contact between the electrodes and starter
material.

2.6.1.3 ‘ICV Box Transporter (Data Sheet 145579-D-DS-012.1). In-Container Vitrification
boxes are moved around using air pallets. The air pallet uses a variety of “casters™ to literally
float heavy loads on a film of air. The air pallets use a similar technology to hovercrafls. By
using the air pallets, the operator is able to precisely place and align the load in a limited
workspace. The air pallet is designed to have a low profile to fit under the ICV box when
mounted on curbs. Basic pneumatic components, such as air regulators and hoses, are used;
therefore, the air pallets will operate in most environments. The air pallet is a sclf-contained unit
complete with an on-board, diesel-driven compressor power unit supplying air for lift and
drive/stecrage system.

After leaving the box assembly building, the ICV boxes are moved to the melt area by air pallet.
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2.6.1.4 Box Cooling, Sampling, and Storage Area. Once the filled ICV boxes are ready to
leave the melt area, the boxes are moved by air pallet to the box cooling area. Once cooled, the
box is moved to the sample station, if required, and then to the storage area. For general
arrangement drawings of these areas, see Drawing 145579-00-D-0007 in Appendix C6. For
foundation drawings and analysis, see Section 2.6.3. The boxes are core sampled in the
sampling area (see Section 2.6.1.5) and then moved to the storage area for final cooling and to
await removal from the DBVS site.

. 2.6.1.5 In-Container Vitrification Core Sampling. The ICV box has a sample port built into

the ICV box sidewall (see Drawing F-145579-35-D-0004 in Appendix C6). Design details for
the ICV box core sampling system and interface details are still in development. The core
sampling design currently in development involves the use of a commercial drill rig to create and
retrieve the core samples. Effluents generated as a result of the sampling operation will be
properly characterized and managed.

2.6.2 System Location

The various components of the ICV System span from the south end of the DBVS site to the
north end of the site. At the south end of the site, ICV boxes are received and assembled in the
ICV container preparation and assembly enclosure. Once the ICV boxes have been properly
prepared, the boxes are moved by air pallet to the melt area where the boxes receive dried waste,

the waste is vitrified, and top-off soil added after processing. When vitrification is complete and .

the box is ready to be moved, the box is moved by air pallet to the box storage and sampling
area.

2.6.3 Calculations

Calculations for the ICV System are described in the following paragraphs and provided in
Appendix AG.

The melt area access routes for movement of the ICV boxes by air pallet will have concrete
foundations. The melt area access slabs are identified as Foundations #16 and #17 on Drawing
H-14-106792 (see Appendix C6). Analysis of the melt area access slabs is contained in
Calculation 145579-C-CA-013 (see Appendix AG).

The box sampling and storage area will have a concrete foundation; this foundation is identified
as Foundation #18 on Drawing H-14-106790 in Appendix C6. The building foundation detail is
shown on Drawing H-14-106797, with the associated calculation being 145579-C-CA-014 (sec
Appendices C6 and A6, respectively). Analysis of the box sampling and storage area foundation
is contained in Calculation 145579-C-CA-013. Analysis of the support curbs is contained in
Calculation 145579-B-CA-004 (scc Appendix AG).

Analyses of the ICV box weight and center of gravity have been performed in Calculations
145579-D-CA-010 and 145579-D-CA-028, respectively (see Appendix A6). The box structural
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analysis is provided in Calculation 145579-D-CA-011 (see Appendix A6). Heat transfer

calculations to determine the temperature of the outer skin of the box walls and bottom (145579-
D-CA-001) and lid (145579-D-CA-060) are provided in Appendix A6.

2.6.4 In-Container Vitrification System Drawings

and Sketches

The ICV box is shown in the Bulk Vitrification ICV Container Data Sheet (F-145579-35-D-0004

in Appendix C6).

For a drawing of the melt area that shows the arrangement of the air pallets, ICV box, AWTE,
material feed silos and chutes, and the melt area structure, see Drawings F-145579-00-D-0041

and -0051 in Appendix C6.

2.6.5 Design Codes and Standards

The design codes and standards that apply to the ICV System are identified in Table 2-11.
Applicable and relevant portions of the design codes and standards are flowed down into the -
specifications, drawings, and calculations. See Section 3.0 for complete reference information.

Table 2-11. Design Codes and Standards for the In-Container
Vitrification System. (2 sheets)

: Design Code or Standard ‘ " Design Code or Standard

10 CFR 830 ASTM A 269

10 CFR 835 ASTM A 307

29 CFR 1910 ASTM A 312/A312M

40 CFR 264 ASTM A 351/A 351M-03

ACI-318-02 ASTM A 354

ACI-330R ASTM A 500

AGS-G001-1998 ASTM A 563a

AISC (Allowable Stress Design) ASTM A 992

AISC-LRFD ASTM B 187/B 187M-03

ANSIC63.16 ASTMF 436

ANSITS5A-82.02.01 AWSDLI/DLIM

ANSIISA-82.02.02 AWSDIL.6

ASCE-07 AWS QC-1

ASCE 7-938 HINF-2962

ASME B&PV Code HNF-SD-GN-ER-501
Section IX IEC 61000-4-2

ASMEBI16.5 IEEE Std 142

ASMEBI18.2.1 IEEE C2

ASME B10.20 IEEE C62.41.1

ASME B10.9 ISA-82.03

ASMEB31.3 NFPA 70

ASME NQA-1 RPP-8530

ASME PCC-1 SAE J429
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Table 2-11. Design Codes and Standards for the In-Container
Yitrification System. (2 sheets)

] - Design Codeor Standard -~ . - - | " " " Design Code or Standard
ASME Y14.5M TFC-ENG-STD-06
ASNT SNT-TC-1A TFC-ESHQ-QC-C-03
ASTM A 36/A 36M UBC 1997
ASTM A 105 UL 508A
ASTM A 108 UL 840
ASTM A 193/A 193M . : WAC 173-303-630
ASTM A 194/A 194M WAC 173400

2.6.6 Waste Assessment

For all waste contacting equipment in the ICV System, the maximum estimated contact radiation
dose is 10° Rad unless otherwise stated in the specifications (Appendix G6). Testing with both
simulant and actual tank waste has been, and is being performed at the crucible, engineering, and
full-scale. These tests have determine the compatibility of the selected ICV box components
(e.g., refractory materials) with the waste in its various states — dried, molten, and solid glass ~
and the processing conditions present in the ICV. Future tests at full-scale will confirm selected
ICV components. Properties of the dried waste were previously discussed in Section 2.4.6.

2.6.7 Controls

Controls for the process, pressure control, and an overview of the interlock philosophy for the
ICV System are described in the following sections. Reference to specific instrumentation are
provided to assist the reader; however, it should be noted that these “currently assigned
identification numbers” may change as detailed fabrication information is received from the
suppliers of equipment.

2.6.7.1 Process Control. Dried waste will be fed to the ICV boxes in batches. Approximately
eight dryer batches are required to make one ICV box. This will result in a glass level that is
approximately 14 in. below the top of the refractory. The glass level in each box will be
monitored and controlled based on readings from the thermocouple tree 35-LE-106 (see Drawing
F-145579-35-A-0100 in Appendix D6) installed in the ICV boxes. The ICV box temperature is
monitored using thermocouples installed inside each ICV box. The ICV box will be maintained
by the OGTS at a negative pressure with respect to atmospheric conditions as indicated by
35-PIT-118 (see Drawing 35-A-0100 in Appendix DG) during the melt and during dried waste or
top-off soil feed.

Operational steps for the filling, processing, and addition of more dried waste are under
development through testing with non-regulated material. Criteria such as when to add material,
the rate at which to add material, and data feedback when material addition should be ceased are
examples of parameters being identified. The currently identified operating scenario is discussed
below.
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The ICV box is moved into position beneath the AWTE. Once in position the ICV Box is
hooked-up to the power supply, feed chutes, and the OGTS. This is followed by connecting the
instrumentation wiring haress. Prior to dried waste addition, the connection of the ICV box at

* the melt station is checked for excessive leaks using a low flow condition at the ICV box air inlet

(low flow condition is discussed further in Section 2.6.7.3).

Approximately two batches of dried waste are added to the box before starting the melt. After
this is completed, the power supply to the ICV box is turned on and the melting of the soil/waste
mixture starts from the bottom and progresses in an upward direction. No more feed is received
from the dryer until the first batches have been melted. Control of the dried waste feed from the
waste dryer to the ICV box was discussed in Section 2.4.7.1 (Dried Waste Handling System).

The melting process is initiated using the starter material at the bottom of the ICV container and
the application of power through the electrodes. Power levels are increased gradually during
start-up, with the joule-heating process requiring high voltage because of the resistance of the
starter material. As material is heated and melts, the resistance decreases and high current (low
voltage) is required to achieve the desired power level. Indication of the melt’s progress is
provided by the installed thermocouples, ratio of voltage to current (indication of resistance) and
power level (determined by the product of voltage and current). Start-up will follow a power
ramp-up schedule to a target nominal operating level. Both the start-up schedule and target
nominal operating level are being determined through full-scale testing with nonregulated
simulant material.

Once these initial batches are melted, sequential addition of approximately 6 batches of dried
product then begins. Transfer of each batch of material from the dryer to the ICV box takes
several hours. During the transfer time, the dryer rotation can be reduced at times to avoid
excessive particle size reduction.,

Once all of the required dryer loads have been placed in the ICV box, the melt is then allowed to
continue to complete the vitrification process. In all, approximately 8 batches of dried waste
product arc melted. Upon complction of the last batch of dried waste processing, a small
(approximately one-third of a normal batch) clean soil batch is added and melted on top of the

- last batch. After all batches of material have been processed top-off soil is added through the

five chutes. Top-off soil added through the dried waste chutes is controlled by the Dried Waste
Handling Equipment (control of material described in Section 2.4.7.1). Clean top-off soil is
pneumatically conveyed to non-regulated soil impingement tanks, located above the melt area,
prior to each melt. After the melt is complete and adequately cooled, top-off soil is gravity fed
into the ICV box as controlled by the sequencing of Top-off Soil Rotary Valves (34-D85-050,
34-D85-051, and 34-D85-052 on Drawing F-145579-34-A-0101) and Top-off Soil Feed Chute
Air Lock Assemblies (34-D88-035, 34-D88-036, and 34-D88-037 on Drawing F-145579-34-A-
0101) located below the top-off soil impingement tanks. Specific use of the impingement tank
weight indication in this operation will be developed as DBVS operational procedures are
developed.
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2.6.7.2 Pressure Control. Pressure is controlled through adjustment of the flow through the
ICV lid (see 35-HV-114). Flow into of the ICV box is monitored by 35-FE-112A, -112B, and
-112C. After processing is complete, the ICV box breather filter is installed just prior to
movement to the cooling station. The ICV box HEPA breather filter will function to avoid
pressurization/depressurization during cooling and storage.

2.6.7.3 System Interlock Philosophy. To mitigate the electrical hazard during normal
operation of the facility, only one Kirk key will be available to either access the melt area
enclosure or energize the ICV box electrodes. L

Drawing F-145579-35-A-0100 (see Appendix D6) shows a number of interlock actions
associated with low flow into the ICV box. Actions for the Safety Hardwired Interlock (16) were
discussed in Sections 2.4 and 2.5. Two of the actions for the Control System (safety related)
Interlock (17) were also discussed in Sections 2.4 and 2.5. The action specific for the ICV
System is shown in Table 2-12. In the event of low inlet flow, the power to the electrodes will
be discontinued to slow down the gas generation rate from the melting process.

Table 2-12. In-Container Vitrification System Interlock.

]7 Shuts down electrode power (35-JIC-1 10) .

145579-35-A-0100 (control system)

2.6.8 Containment

During processing, the ICV box is connected to the OGTS and maintained at a negative pressure
relative to atmosphere and the AWTE. Gases generated, and any particulate suspended, during
the process are directed to and treated by the OGTS. As described above, the ICV box [RCRA
container] provides primary containment for the dried, molten and gaseous waste form. A spill
or release of molten waste during the vitrification process is detected by thermocouples in the
melt are, directly beneath the ICV box. Visual inspection of the ICV box is used in other
locations to identify a spill or release of molten or dry waste, consistent with accessibility
limitations.

2.6.9 Corrosion Assessment

The ICV box is fabricated from carbon steel. An independent corrosion expert has reviewed the
specification and associated data sheet and indicated a concemn for scaling of the carbon steel in
air at the processing temperatures. Full-scale testing with non-regulated simulant material has
been performed with a representative ICV box; no significant scaling of the ICV container was
observed.
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2.6.10 Inspection Schedule

Inspection of all ICV boxes will be performed by a supplier at the supplier’s facility to ensure
that the supplier complies with the design requirements. The inspection will include the
following:

. Evaluation of welds to verify no cracking or lack of fusion;

. Confirmation that no punctures, scrapes of protective coatings, cracks corrosion,
or other structure damage are present;

. Performance of box tightness test to verify no leaks are present;
Inspections of ICV box assembly are performed as described in Section 2.6.1.2.

After waste has been processed in an ICV box, inspection of the ICV box(s) is performed in
conjunction with another activity occurring in the DBVS container storage area, such as
sampling or placement of an ICV box on the storage pad. Inspection of the ICV box at the ICV
package preparation area is done to confirm the ICV box is ready for use.

2.6.11 Installation Assessment

The drawings and sketches referenced in Section 2.6.4 illustrate the projected completed
assembly of the installed ICV System equipment on the DBVS site. Refinement of the drawings
and development of installation details will be performed as detailed drawings and installation
instructions from equipment suppliers are received. Standard industrial construction methods
will be used to place modules or equipment on the DBVS site. Construction and interconnection
of piping, instrumentation, electrical and control cable, and other components, will also be
performed using standard industrial practices. Proper installation will be verified by a
combination of pre-installation assessments, installation assessments, and post-installation tests.
Installation assessments will consist of verifying proper installation of the ICV System during
installation and will include an independent inspection by an IQRPE or a Qualified Independent
Inspector.

Pre-installation assessments will verify the site is ready for installation of the equipment. The
melt area structure foundation construction documents will be reviewed to verify proper
installation and on-site inspection and testing will verify proper placement and installation of the
anchor bolts. Likewise, the condition of the cast-in-place concrete installed per Section 03300 of
the CH2M HILL (2004) will be verified in the ICV System areas where ICV boxes will

be handled.

Walk-down crews will verify completeness of mechanical, electrical, and MCS installation in

accordance with written procedures using as-built drawings. These crews will verify
component labeling.
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After assembly, the system will undergo instrumentation and equipment testing and integrated
testing of the complete DBVS facility. The process feed chutes and process connections in the
melt area will be leak tested in accordance with requirements stated in the installation
instructions. Instrumentation and equipment tests will include remote actuation of valves and
pumps. Integrated functional testing of the DBVS facility will be performed using
noncontaminated, nonregulated test materials.

Upon completion of the installation assessments and tests, an inspection report documenting the

‘results of the ICV System installation will be prepared by the IQRPE, The inspection results will

be documented in the report and included in the Operating Record. This record will be
accessible at the DBVS site and will contain;

1.

2.

An as-built site plan;
An as-built drawing set of the installed ICV System;

Inspection notes, photographs, and any other material used to document inspection
activities;

Documentation of any defects discovered;
Documentation of tightness testing results;
A signed and dated statement certifying the corrosion protection system (if installed); and

A statement signed by the IQRPE certifying the proper installation of the ICV System,
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3.0 REFERENCES

Editor’s Note: The References include citations from previous packages.
10 CFR 830, “Nuclear Safety Management,” Code of Federal Regulations, as amended.
10 CFR 835, “Occupational Radiation Protection,” Code of Federal Regulations, as amended.

29 CFR 1910, “Occupational Safety and Health Standards,” Code of Federal Regulations, as
amended.

40 CFR 264, “Standards for Owners and Operators of Hazardous Waste Treatment, Storage, and
Disposal Facilities,” Subpart J, Code of Federal Regulations, as amended.

47 CFR 15, “Radio Frequency Devices,” Code of Fedcral Regulations, as amended.

145579-Q-SP-002, Construction Specification for the Demonstration Bulk Vitrification System -
ICV™ Box Assembly Building, Revision 0, Prepared by AMEC Earth and Environmental
and DMIM Technology for CH2M HILL Hanford Group, Inc., Richland, Washington.

AATCC Test Method 27, Water Resistance: Hydrostatic Pressure Test, American Association of
Textile Chemists and Colorists, Rescarch Triangle Park, North Carolina.

ACI 318-02, Building Code Requirements for Structural Concrete (ACI 5‘1 8-02) and
Commentary (ACI 318R-02), American Concrete Institution, Farmington Hills, Michigan.

AGS-G001-1998, Guideline for Gloveboxes, American Glovebox Society, Santa Rosa,
California.

AISC, Manual of Steel Construction—Allowable Stress Design, Ninth Edition, American
Institute of Steel Construction, Chicago, Illinois.

AISC, Manual of Steel Construction—Load and Resistance Factor Design, Third Edition,
American Institute of Steel Construction, Chicago, Illinois.

ANSI C63.16, American National Standard Guide for Electrostatic Discharge Test
Methodologies and Criteria for Electronic Equipment, American National Standards
Institute, Washington, D.C,

ANSI FCI 70-2, Control Valve Seat Leakage, Fluid Controls Institute, Inc., Cleveland, Ohio.
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ANSVISA-82.02.01-1999 (IEC 61010-1 Mod), American National Standard for Safety Standard
Jor Electrical and Electronic Test, Measuring, Controlling, and Related Equipment-
General Requirements, The Instrumentation, Systems, and Automation Society, Rescarch
Triangle Park, North Carolina.

ANSVISA-82.02.02-1996 (IEC 61010-2-031), American National Standard for Safety
Requirements for Electrical Equipment for Measurement, Control, and Laboratory Use,
The Instrumentation, Systems, and Automation Society, Research Triangle Park, North
Carolina.

ANSIY14.1, Drawing Sheet Size and Format, American National Standards Institute, Inc.,
New York, New York.

ANSI Y14.5M, Dimensioning and Tolerancing, American National Standards Institute,
New York, New York.

ANSVASME B1.20.1, Pipe Threads, General Purpose (Inch), American Society of Mechanical
Engineers, New York, New York. AATCC Test Method 27, Water Resistance:
Hydrostatic Pressure Test, American Association of Textile Chemists and Colorists,
Research Triangle Park, North Carolina.

ANSVAWWA D100, AWWA Standard for Welded Steel Tanks for Water Storage, American
Water Works Association, Denver, Colorado.

ANSIHI 3.1-3.5, American National Standard for Rotary Pumps for Nomenclature, Definitions,
Applications and Operation, Hydraulic Institute, Parsippany, New Jersey.

ANSVHI 3.6, American National Standard for Rotary Pump Tests, Hydraulic Institute,
Parsippany, New Jersey.

ANSVIESNA RP-7, Lighting Industrial Facilities, llluminating Engineering Society of North
America, New York, New York.

API Standard 620, Design and Construction of Large, Welded, Low-Pressure Storage Tank,
American Petroleum Institute, Washington, D.C.

ASCE 4-98, Seismic Analysis of Safety-Related Nuclear Structures, American Society of Civil
Engincers, Reston, Virginia.

ASCE 7-98, Minimum Design Loads for Buildings and Other Structures, American Society of
Civil Enginecrs, Reston, Virginia.

ASHRAE Fundamentals Handbook, 2001 ASHRAE Handbook -- Fundamentals, American
Society of Heating, Refrigerating, and Air Conditioning Engineers, Atlanta, Georgia.
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ASME B&PV Code, ASME Boiler and Pressure Vessel Code, American Society of Mechanical
Engineers, New York, New York.

Section I, “Power Boilers™
Section VIII, “Rules for Construction of Pressure Vessels”
Section IX, “Welding and Brazing Qualifications™

ASME B16.5, Pipe Flanges and Flanged Fittings, American Society of Mechanical Engineers,
New York, New York.

ASME B16.9, Factory-Made Wrought Steel Buttwelding Fittings, American Society of
Mechanical Engineers, New York, New York.

ASME BI16.11, Forged Fittings, Socket Welding and Threaded, American Society of Mechanical
Engineers, New York, New York.

ASME B18.2.1, Square and Hex Bolts and Screws Inch Series, American Society of Mechanical
Engineers, New York, New York.

ASME B18.2.2, Square and Hex Nuts, American Society of Mechanical Engineers, New York,
New York.

ASME B30.9-2003, Slings, American Society of Mechanical Engineers, New York, New York.

ASME B30.20, Below-the-Hook Lifting Devices, American Society of Mechanical Engineers,
New York, New York.

ASME B31.3, Process Piping, American Society of Mechanical Engineers, New York,
New York.

ASME NQA-1, 1994, Quality Assurance Program Requirementis for Nuclear Facilities,
American Society of Mechanical Engineers, New York, New York.

ASME PCC-1, Guidelines for Pressure Boundary Bolted Flange Joint Assembly, American
Society of Mechanical Engineers, New York, New York.

ASNT SNT-TC-1A, Recommended Practice, American Socicty of Nondestructive Testing,
Columbus, Ohio.

ASTM A 36/A 36M, Standard Specification for Carbon Structural Steel, American Society of
Testing and Matenials, New York, New York.
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ASTM A 53/A 53M, Standard Specification for Pipe, Steel, Black and Hot-Dipped, Zinc-
Coated, Welded and Seamless, American Society of Testing and Materials, New York,
New York.

ASTM A 105/A 105M, Standard Specification for Carbon Steel Forgings for Piping
Applications, American Society for Testing and Materials, West Conshohocken,
Pennsylvania. :

ASTM A 106, Standard Specification for Carbon Steel Forgings for Piping Applications,
American Society for Testing and Materials, West Conshohocken, Pennsylvania,

ASTM A 108, Standard Specification for Steel Bars, Carbon, Cold-Finished, Standard Quality,
American Society for Testing and Materials, West Conshohocken, Pennsylvania.

ASTM A 182/A 182M, Standard Specification for Forged or Rolled Alloy-Steel Pipe Flanges,
Forged Fittings, and Valves and Parts for High-Temperature Service, American Society
for Testing and Materials, West Conshohocken, Pennsylvania.

ASTM A 193/A 193M, Standard Specification for Alloy-Steel and Stainless Steel Bolting
Materials for High-Temperature Service, American Society for Testing and Materials,
West Conshohocken, Pennsylvania.

ASTM A 194/A 194M, Standard Specification for Carbon and Alloy Steel Nuts for Bolts for
High Pressure and High Temperature Service, or Both, American Society for Testing and
Materials, West Conshohocken, Pennsylvania.

ASTM A 234/A 234M, Standard Specification for Piping Fittings of Wrought Carbon Steel and
Alloy Steel for Moderate and High Temperature Service, American Society for Testing
and Materials, West Conshohocken, Pennsylvania.

ASTM A 240/A 240M, Standard Specification for Chromium and Chromium-Nickel Stainless
Steel Plate, Sheet, and Strip for Pressure Vessels and for General Applications,
American Society for Testing and Materials, West Conshohocken, Pennsylvania.

ASTM A 269, Standard Specification for Seamless and Welded Austenitic Stainless Steel Tubing
Jor General Service, American Society of Testing and Materials, New York, New York.

ASTM A 276, Standard Specification for Stainless Steel Bars and Shapes, American Society of
Testing and Materials, New York, New York.

ASTM A 307, Standard Specification for Carbon Steel Bolts and Studs, 60 000 PSI Tensile
Strength, American Society for Testing and Materials, West Conshohocken,
Pennsylvania.
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ASTM A 312/A 312M, Standard Specification for Seamless and Welded Austenitic Stainless
Steel Pipes, American Society for Testing and Materials, West Conshohocken,
Pennsylvania.

ASTM A 325, Standard Specification for Structural Bolis, Steel, Heat Treated, 120/105 ksi
Minimum Tensile Strength, American Society for Testing and Materials, West
Conshohocken, Pennsylvania.

ASTM A 351/A 351M-03, Standard Specification for Castings, Austenitic, Austenitic-Ferritic
(Duplex), for Pressure-Containing Parts, American Society for Testing and Materials,
West Conshohocken, Pennsylvania.

ASTM A 354, Standard Specification for Quenched and Tempered Alloy Steel Bolts, Studs, and
other Externally Threaded Fasteners, American Society for Testing and Materials, Wcst
Conshohocken, Pennsylvania.

ASTM A 403/A 403M, Standard Specification for Wrought Austenitic Stainless Steel Piping
Fittings, American Society for Testing and Materials, West Conshohocken,
Pennsylvania,

ASTM A 480/A 480M, Standard Specification for General Requirements for Flat-Rolled
Stainless and Heat-Resisting Steel Plate, Sheet, and Strip, American Society for Testing
and Materials, West Conshohocken, Pennsylvania.

ASTM A 500, Standard Specification for Cold-Formed Welded and Seamless Carbon Steel
Structural Tubing in Rounds and Shapes, American Society for Testing and Materials,
West Conshohocken, Pennsylvania.

ASTM A 563a, Standard Specification for Carbon and Alloy Steel Nuts, American Society for
Testing and Materials, West Conshohocken, Pennsylvania.

ASTM A 569, Standard Specification for Steel, Carbon (0.15 Maximum, Percent), Hot-Rolled
Sheet and Strip Commercial, American Society for Testing and Materials, West
Conshohocken, Pennsylvania.

ASTM B 187/B 187M-03, Standard Specification for Copper, Bus Bar, Rod, and Shapes and
General Purpose Rod, Bar, and Shapes, American Society for Testing and Materials,
West Conshohocken, Pennsylvania,

ASTMC 518, Standard Test Method for Steady-State Thermal Transmission Properties by
Means of the Heat Flow Meter Apparatus, American Society for Testing and Materials,
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APPENDIX A6

IN-CONTAINER VITRIFICATION SYSTEM

Calculation Number | Revision | -7 . si 7 0l iitte 2 b ob Page
145579-B-CA-004 3 ICV™ Box Support Curbs Type ‘C’and ‘D’ and ‘E’ A6-2
N/A | Subcontractor Calculation Review Checklist A6-115
145579-C-CA-013® 2 ICV™ Box Storage Slab and Access Slabs N/A
(Foundations #16, 17, 18)
145579-C-CA-014® 0  |ICV™ Box Assembly Building Foundation N/A
145579-D-CA-001 2 Area 35 - Transient Heat Transfer Calculations of A6-117
ICF™ Box
N/A | Subcontractor Calculation Review Checklist A6-231
145579-D-CA-010 H ICV™ Box Weight Calculations A5-233
N/A | Subcontractor Calculation Review Checklist A6-321
145579-D-CA-028 0 ICV Box Center of Gravity Calculation A6-323
N/A | Subcontractor Calculation Review Checklist A6-354
145579-D-CA-060 A Heat Transfer Analysis - ICV Lid A6-355
N/A | Subcontractor Calculation: Review Checklist A6-612
145579-D-CA-011 4 {CV™ Box Structural Analysis A6-613
N/A | Subcontractor Calculation Review Checklist A6-751

@Calculation 145579-C-CA-013 has been seviewed and approved by the IQRPE (see Design Assessment Report
No. DR-004). Calculation not provided in this Design Review Package.

®Calculation 145579-C-CA-014 has been reviewed and approved by the Department of Ecology undcr a separate
submittal. Calculation not provided in this Design Review Package.
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1.2

2.2

mTRomicnon |
Purpose ’ _ _
Tha purpose of Ihls mlculabon is 1o verify lhe design of the IGV™ box support curbs

- type 'C’ and ‘D’ and 'E’ and their anchorage fo the supporting concrete pads. Types
~ C, D and E are fabricated from structural steel sections, while types A and B are

precast concrete. The designs of support curbs types A and B are verified in a
separate calculation 145579-C-CA-013.

Scope _

The scope of this caleulation Includes deierminiﬁg the Natural Phenomenon Hazard
(NPH) loads that the ICV™ box places on its supporting sleel curbs. These loads
are then applied to the curbs in combinations applicable to the service condition
and location of the curbs. Verificalion is made that the curbs and their anchorages

will be able to resist the forces resulting from these load combinations. An estimate
is made of potential displacement of the ICV™ box due to seismic action.

BASIS

Design Inputs

The ICV™ box curb layouts are provided on drawing F-145579-00-B-0022. The
details for the fype C, D and E curbs are shown on drawings F-145579-00-B-0018
and 0025. These drawings are included in attachment 1.

Calculation 145579-D-CA-010 provides the box weight, and drawings of the ICv™
box itself. Critical pages from this calculanon are provided in attachment 6. The
calculation and included ICV™ box drawings are reference 4.

Criteria
From: TFC-ENG-STD-06 Rev B-1, October 27, 2003.

The ICV™ box is Performance Category PC-2 when in the Melt Area and is
Performance Category PC-0 elsewhere. This was provided by the Design Authority
in an e-mail, a copy of which Is included as attachment 4. While in the Mell Area,
the box rests on type E curbs. Type E curbs are checked against applicable site
NPHs at a PC-2 Level. Temperature and impact effecls are considered.

.ﬁ\?;_-ﬁwaw_ Aen 24 06 dim wﬂ*i&a\/ ﬁ:’cl‘ﬂ/"é
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'CAL'CULATION SHEET. ..
| cam no ' |145579-B-CA-004 - ,éév; 3 om-: - 24 March 2006 -
;;f?cALc.mz. - IGV™ Box Support Curbs Type 'C and ‘D' and ‘B . L
3 PRQ.IECTHO 145579 o "PROJECT TILE: Final DBVS Design

“Type C curbs support the box in the southwest cormer of ICV™ Box Storage Area.
~ Type C curbs are checked against gravity, live and wind loads at a PC-1 level.

"Type D curbs support the box while it I being prepared in the ICV™ Box Assémbly
" Building. Type D curbs are checked against gravity and live loads at a PC-1 level,

Cons'ervaﬁvely‘ the Type D curbs are checked against gravity load from a full box.

. Deslgn Loads
- Dead Load: This includes the seH weight of the curbs and allached stiffeners and

plates. The case of "dead foad only” is clearly trivial as it represents a steel curb

. sitling unloaded on the flat concrete surface. For the purposes of load combinations
" in the UBC, the box full or empty weight will be inciuded as a “dead” load in

combination with wind and seismic loads as appropriate. This is consistent with the

" requirement Iin UBC section 1634.1.3 for selsmic loads.

Lfve Load: As the box is movable, it Is considered a 'l:ve' load on the curbs. Box
empty and full weights are calculated in a separate documenl 145579-D-CA-010.
Copies of key pages are included in attachment 6.

The calculated weight when in the Melt station is 209,302 pounds. The calculated
weight when grouted and placed on the storage pad is 217,582 pounds.

The weight of the emply box, without glass, top-off soil or groul is 105,401 pounds.
This is the condition of the box when it Jeaves the ICV™ Box Assembly Building.
When considering gravity and seismic loads, a heavier box ks more critical, whereas
when considering wind loads, a lighler box is critical. To provide an additional
margin of safety, the following box weight values will be used for the “full” and
"empty” cases:

Full: 240,000 Ib. full ICV™ Box including all components and the grout allowance.
Empty: 100,000 tb. empty ICV™ Box, ready to receive sof and waste.

. Impact Load: Considered live loads in ASCE 7, impact loads on the ICV™ box

support curbs do not occur in combinalion with other loads. The worst-case impacl
loading on the curbs consists of a fully-loaded ICV™ box fransporter hitting an
emply curb. The case where a fully loaded box resting on a curb is hil by an empty
transporter is not considered, as the mass of the unloaded transporier is much less
than that of the loaded transporter. and therefore the impact force will be
substantially less. The design impact force Is 4,000 pounds, based on the tractive
effort of the fransporier drive, as well as calculations of the kinelic energy of a
loaded box transporier versus a design passenger vehicle collision load.

DASE: CHUTCHER. DATE:
e [P 2b  Mar - T4 8] March l‘ﬂfOL
GADeppASTRC alcx\WCA- Q0N 1E5579 B CA-004 Rav J.doc ) PBQO 40of 11
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Wind Load: 3-second gust 85 mph, Impostance factor 1.00, Exposure Category “C”
Wind load only applies to the type "C” curbs as the other two curb types are located
within enclosures and not subject to wind.

Snow Load and Volcanic Ashfall: The ground snow load on the Hanford site is 15
psf. The ashfall load on the Hanford site s 3 psf for PC-1 SSCs and 5 psf for PC-2
SSCs. Curbs type D and E, are located under roofs and the box is not subject to
snow or ashfall, Type C Curbs are located outdoors, so snow and ash loads are
possible. The combined snow and ash load Is ~20 psf, or approximately 4000
pounds over the top surface of the box. This Is significantly less than the 22,400

" pound "margin of safety” allowed for in the box *full® live load. For the purposes of

ihis calculation, the snow and ash load is considered 1o be included as an
allowance within the total box "full® live load. This is conservative.

Selsmic Load: The Hanford site is in UBC Seismic Zone 2B. While in the Melt Area

" on type E curbs, the ICV™ Box Is Petformance Category PC-2 and the supporting

structure must resis! seismic lcads. The importance factor 1" is fisted as 1.25 in the
UBC for “Essential Facilities”. However, in TFC-ENG-STD-06, references are made
suggesting the use of a 1.5 factor for all PC-2 systems and components; therefore
we have used 1.5 for 1" This is a conservative change, resutting in a higher
design seismic load and therefore a greater degree of safely in the design. Selsmic
loads do not apply to the box on Type C curbs while in the storage area or on type
D curbs while inside the ICV™ Box Assembly Building. See attachment 4.

Flood Load: The DBVS site is at elevation 663 feel and is not in any of the flood
areas identified in HNF-SD-GN-ER-501 Natural Phenomena Hazards, Hanford Site,

Washington. Flood loads may safely be ignored.

Groundwaler Pressure Load: The DBVS sile is at nominal elevation 663 feel. The
Geolechnical report notes that groundwater levels are approximately 300 feet below
the ground surface. Groundwoter pressure may salely be ignored.

Thermal Load: To accommodate thermal expansion long-sioited bolt holes have
been used for all anchors in all three curb types, except 6 anchors near the centre
in each curb. The non-slotied holes provide shear resislance against north-south
forces. All holes can resist tensile forces and east-wes! shear forces. The long-
slotled holes permil unconstrained thermal expansion or contraclion as
demonstrated in the attached calculation, and therefore no thermal siresses occur.
A calculation determining the maximum allowable temperature changes is made
based on the size of the slotted holes.

i s DATE; CHECKER: DATE:
A—-——/{&?ﬂ. 4 24 20l /CB(MU_Q_O\ af'c_l\ -?:lA)é
G ADesiASTRCACHICA-OON1AS575 B CA 001 Rev 3,60 Pagéd 50f 11
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Additional Thermal Effect: As requested by CH2M in a review of the previous
revision of this calculation, consideration is ‘given 1o~ the effect of ‘elevaled
femperature on the type E curbs when subjected to gravity loading. The requested

design check is for one curb to be subjected to gravity loading at a temperature of - L
1058 degrees Fahrenheit. This Is the same temperature used to verify the structurat -« 0
design of the ICV™ box ilself in Reference 8.- A portion of Reference 8, togelher '

with a page from the AISC ASD Design manual indicating the reduced yield
slrength of structural steel at elevated temperature is included in attachment 8. The
check in the attached detailed calculation Is ‘made -at the same elevated

temperature under combined gravity and seismic loading, which is conservative. -

This check does not negate the requirement that the concrete foundation be
maintained at a temperalwre no greater than 212 degrees Fahrenheit.

Lightning: The entire DBVS site will have a grounding gﬁd installed. Pigtails are
provided from the grounding grid through foundations for attachment to the

* supported equipment. No plans are in place at this time to ground the curbs.

Lightning protection of the ICV™ box is not within the scope of this calculation.

Assumptions

1. Mechanical or other means will be used to limit the temperature of the concrete
surface below and adjacent to the curbs o no more than 212 degrees
Fahrenheit. As demonstrated in the attached calculations, the long slolted
holes in the base of the curbs can accommodate an increase in temperalture to
beyond 500 degrees Fahrenheit at the botlom of the curbs, and will therefore
not Imit expansion of the curbs, preventing any significant thermal stresses.,

2. The maximum trave! speed of a loaded ICV™ box transporler will be 40 feet
per minute. This is the value provided by AeroGo for their proposed design, as
included in attachment 3. If the actual speed of the loaded ICV™ box
transporter is significantly higher, then this calculation must be revised.

3. The ICV™ box will not be placed on the type "C" curbs until it has been
prepared in the ICV™ box assembly building and includes all components of
the full box excep! glass, top-off soil and grout. The empty metal box without lid,
electrodes, refractory, etc., will not be stored on these curbs. This allows for a
reasonable minimum weight of the box to be established for wind design. In
typical operation the box will be filled with glass and top-off soil prior to being
placed on the type C curbs, so this assumplion is conservative.

%J/@n etae 2820 ol M‘r YA Qlf/og
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METHODS

Forées on the curbs and anchors, dus 1o dead Ioad live load, seismic and wind
loads have been calculated using the Umform Buildmg Code (UBC) and ASCE-?

Dead loads of the curbs are caleulaled based on the Iola! length of the steel

" members from which they are fabricated plus the weight of sliffeners present. The

dead load of the curbs themselves are left out of load combinations as the curbs
are directly and uniformly supported on the concrele foundations. No stresses in
the curbs are caused by the self-weight of the turbs in this condition. Under lateral
loading, the dead load of the ‘curbs has a slight beneficial effect in resisling
overturning. It Is conservative to ignore this slight beneficial effect. The total weight
of the curbs is less than 2% of the welght of a fully loaded box, and any slight
decrease in calculated lateral seismic load caused by ignoring the curbs weight is
more than offset by the use of the conservative 240, 000 pound design load in the
Melt Area; an Increase of 15% as discussed below.

The weight of the ICV™ box on the curbs is a “live” kad as defined in the UBC, (it
can either be "on” the curbs or “off” the curbs) but is considered as a "dead” load for
the purposes of calculating seismic loads and the abifity of the curbs to resist wind
loads. In the absence of the ICV™ box, the curbs are not loaded by gravity, and
the wind and seismic loads are clearly Insignificant compared to the loads with the
box present. It Is clear by inspection that the critical loading conditions for the [CV™
box Support curbs occur when the ICV™ box is on the curbs,

The weight of the full box is conservalively shown as 240,000 pounds when placed
oh the curbs. The weight of the box when empty Is conservatively shown as

100,000 pounds.

For the Type C curbs, the full box weight represents an increase of 10% {22,418
pounds) over the calculated value of 217,582 pounds from reference 4. As noled in
the Design Loads section, the approximate design value of snow and ash load on
the box when outdoors would be 4,000 pounds. Snow and ash Joads are assumed
to be included In the 22,418 pound "safety margin® and are not calculated
separalely. This Is conservative.

For Type C curbs the empty box weight is used when calculating the ability of the
curbs fo resist wind loads, which is conservative. In normal operalions, the box will
weight in excess of 200,000 pounds when it is placed on the type C curbs.

% Eren a0 24zl 5 wﬂ.-ﬂn-y Dﬁ;rc\-\ 2"{/05
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'How'fevér.'tdbé;bonseﬁréﬁ've, it is assumed that the “"worst case” scenario involves

a box that has been fully prepared in the ICV™ Box Assembly Building being

.- stored on curbs In the ICV™ Box Storage Area, where the box would be exposed

. +lo the design wind loads. " As such, an empty box weight of 100,000 pound is used

- ifor checking the andaofage of the type C curbs. This Is 5% (5,401 pounds) less
h than the miculaled value of 105 400 pounds from reference 4 and is conservative.

For Type D curbs the assumed weight of the ful box represents an increase of
128% (134,599 ‘pounds) over the calkulated value of 105401 pounds from
reference 4. Type D curbs are indoors and are subject lo gravity loads due ta the
box welght and impact loads only, so the use of the substantially higher box weight
Is conservatrve

For Type E curbs lﬁé’ assumed weight of the full box represents an increase of 15%
-over the calculaled value of 209,302 pounds from reference 4. Type E curbs are

"located in the Melt Area and are not subject to wind loads due to the presence of

the shield walls. The type E curbs are subject to gravity, seismic and impact loads.
In all cases, these loads are highest for a {fully loaded box.

Seismic loads are calculated based on the box being complelely full, which is
conservalive for the case where a box is only partly filled.

In normat 6peration, the type D and E curbs might only be subjected to impact from
a transporter carrying an empty box (the box is empty when it is brought to the Melt
Area from the ICVY™ Box Assembly Building) but a conservative design check is

. made for the 4000 pound force of u'npact from a transporter carrying a full box for

all three types of curbs.

The friction coefficient between the ICV™ box and the stee! curbs is taken as 0.33.
This is laken from reference 10 and Is included as attachment 5. The lowest value
of 0.33 is conservatively used in these calculations, For the purpose of deriving
latera! forces on the lop of the curbs, it is delermined that 100% of the selsmic or
wind force is transmitted from the box to the curbs without slippage. The seismic
load per UBC 97 is calculated to be 0.252 times the weight of the box.
Conservalively placing a 0.9 factor on Dead load gives an effective friction
coefficient of 0.3, which is still greater than 0.252, and therefore the full seismic
load will be transferred to the curbs. .

S oo e, D Wy, ek 201
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o Verbcal forces on the. curbs duie 'to dead and Bve loads are derived using the
" methods of UBC-97." Lateral loads due to wind are calculated using the methods of

ASCE 7. 'Lateral loads due to earthquake are calculated using the methods of
UBC-97. .Additional vertical forces on the curbs are created due lo the overtuming

. "effect of the loads on the ICV™ box acting at a height well above the underside of
" the curbs. Thesesecondauyverﬁm”orces are added or subfracted from the
‘ grav:ty forces so as to c:eale the mosl sigmf‘ ican! effecl on the curbs,

- Vertical forces on lha curbs are presumed to act at a distance of 3/16 inch off-

centre from the vertical axis .of the curbs, -creating an additional overiurning

_moment. The value of 3/16 Inch is based on the specified instaliation tolerances for
the curbs. This additional moment Is combined with the overturning moment due to
- lateral loads so as to give the greatest effect on the curbs.

Curbs strengths are analyzed using AISC Allowable Stress Design (ASD) methods.
AISC ASD methods are adapled slightly to account for the unique configuration of
the rolied steel W-section curbs resting on the concrete foundations. Resistance to
vertical and lateral loads Is analyzed for the stiffened beam web sections. Member
strengths are conservatively based on elastic (rather than plastic) analyses and
section moduli,

Since the concrele foundalions that will support the curbs have already been cast-
In-place, the curbs will be field secured to the existing foundations using drill-in

undercut-type anchbrs. Curbs will have fixed anchorage near their centres, with
slotted holes provided towards the notth and south ends of the curbs, allowing for
unrestricted thermal expansion and contraction,

In attachment 9, a supplementary calculalion is made that combines vertical and
horizonial seismic forces to estimate potential box displacement due 1o a seismic
event. This calculation follows the methods shown in Hanford Engineering
Development Laboratory (HEDL) DTRF No A-3886, S.F. Wagener. 1980; which Is
provide glong with the calculation. The seismic ZPA values at the tank farms for
horizontal (H=0.215 g) and vertical (V= 0.157 g) response were provided by CH2M
Hill, and copy of the confirming e-mail is provided with the calculation. Using the
given values of H, V and a friction coefficient of p=0.33, it was determined that the
box does not move. A further calculation was made In which the given values of H
and V were increased by 50%. As seen below, this resulted in some theorelical
movement of the box.

@HA&VM— D“:;Q?.A-iooc., Diw Qdﬂ,_._y y March, 24 /0 Lg
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5 : RESULTS AND concz.us:ons

Type c curbs are Ioaded by gravny. Impact and wind The maximum stress in the
- -curbs occurs under combmed wind and gravity loading and Is 9.1% of allowable.
! “There is no uplift load on the anchors due to wind loading. The maximum tensile
',Ioadonlheandlorssecunngihelypeerbsocwmunderimpaclloadandis
' 40%ofallowable Themaximumshearloadontheanchorsseamngmetypec
" curbs occurs under lmpac1 loadmg andis 15% of allowable

Type D curbs are loaded by grawty and impact. The maximum stress in the curbs
‘occurs under gravity loading and is 5.1% of allowable. The maximum tensile load
on the anchors securing the type D curbs occurs under impact loading and is 36%
of aliowable. The maximum shear load on the anchors securing the type D curbs
occurs under impact Ioadlng and Is 15% of allowable.

Type E curbs are loaded by gravuly. seismic and impact. The maximum stress in
the curbs occurs under combined seismic and gravity loading and Is 6.1% of
. allowable. A check of the stress on the type E curbs at elevaled temperature
combined with seismic and gravity loads shows that the curbs are stressed to
11.1% of allowable. The maximum tensile load on the anchors securing the type E
curbs "occurs under combined seismic and gravity loading and is 13.1% of
- aflowable. The maximum shear load on the anchors securing the type E curbs
occurs during a seismic event assuming no friction between the curbs and the
concrete foundation and is 63% of allowable. Deflection of the top of the curbs is

maximum during a seismic event and is ax10” inches, or effectively zero.

Slotted holes in the base of the curbs aflow for unrestrained expansion or
contraction from below the site design ambient temperature (-25 degrees F) to the
maximum design temperature of the ICV™ box base (+1058 degrees F)

As shown in altachment 9, the eslimated sliding displacement of the ICV™ box due
lo a sile Design Basis Earthquake is zero using unfactored seismic loads. Using an
importance factor of 1.5 on both the lateral and vertical component of the seismic
forces results in an estimated total box displacement of 0.02 inches.

All values noted above are acceplable. The curbs have been added to the PDMS
" {3-D) computer model of the project. Curb and foundalion drawings are altached,

B2 lezir— :;4'247309 %%WL{ Moch 24/0€
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(> T WS 22,000 ALBs Cﬂaqnémra:re:m
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.Dsap.ww:..rz_ ReQD -ro Mcwe. TRA.us.R:(z:[E.E_ cm wue.as
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- Froms Leonard, Michaed W " 711
' 2r e VU Sents Thursday, March 24, 2005509?“ o T
i '.ii . :Tol 1.087,33"@" o L ’. I
- *":. Ce2 Shuford, DavldH[Dave),Jasicek,ngeP _ T
Sltbjeﬁ:FW.PC-lM . '

".'}AsdetailedbebwwahaveacormmhtB-CAW!smmgIhaboxasPG‘thmemel!ataﬁon(Le when

L a'sona'rypeom)wwdmmymmmm:espmseda'oessgnrem for the release of drled
_waslaandollo:dcoﬂ—gasaccidenlswmehﬂwmeusmﬁm B .u.,

' -,' OWDAreeommendsmatmeboxandboxstwbsbeanatrzedeC-ZWhiehthemenarea

" Please Incorporate this con'uneﬂt ln!o the IC\( System design package RCRs and ronward lo the Tra# guys ASAP.

“Thanks,
,ML .

.From.]aricek,George
_Sent:MmdayMard'-Zl,zoosm-%AM
To: Leonard, Michadd W -
B €z Shuford, David H (Dave); Haq, Mlan A
Subjed,RE.Pc-lM

Mike,

First of af, the PC-1M designation Is only aRlowable for use for in-tank-farm retrieval project activities/faciities.
This categorization was negotiated with ORP specifically for these projects. it cumently Is pot available to the
DBVS faclities under discussion.

That being said, | believe the curbs should be categorized as PC-0. That is, NPHs are not an kssue.

However, in this same calculation the slatement Is moade that the ICV box kself has the same categorization (PC-
1M) as the curbs, This cannot be. ¥ the box were sitting out on the storage pad, containing a monotithic block of
immobiized waste (glass), then | believe we could successfully argue thal R was PC-0, ke the curbs. Bul, the
box initially ks acting as secondary containment: for the dried wasle being added 10 | during the meR process; for
the mollen glass Useif; and, lormegasesbeinggenemled (NOX) during melting. The PDSA credits the IGV box
as a “design feature”, meanlng that it Is not specifically Safety-Significant {SS), which would drive a PC-2
categorization, bulisatleastGemmt—Sefvbe(GS).delwoddd'ivaa. minimum, PC-1 calegorization, B, as
you should recall, wa made a consefvative ¢all for the project and said that we would design alt wasle containing
structures o a minimum PC-2. In keeping with this conservalive approach, we shoutd make the ICV box PC-2.

Mian, what structural qualification do you think is required for the ICV box during the filmen processing?

George

From: Leonard, Michael W

Sent: Friday, Morch 18, 2005 4:19 PM Attachment 4"
Cak. No.: . 145579-B-CA-004-
Rev. No.: =2
Sheet | of 2

. 06/02/2005
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Paéczofz
Can y« pleasalookatam!eormsentonAMEC‘susaolPCdMasthadoslmuﬂeﬁabrMapponcubs(pg2
" _ofanachedcalc) .
AMEChasusedmeloycMIMbouesmhhemn!ynmeable(bomwmnmeDBVSsieandoﬂsne-le.
. ~- transport fo IDF) and are not Bed-down/anchored; therefore, we do not need o design the box storage area
. . & melt area curbs & foundations fo withstand seismic.
_, :';f !

AMtachment: <

Calc.No.:  145579-B-CA-004
Rev. No: S

Sheet 2 o 2.

. 06/02/2005
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Resistance Factor Design 3rd Edition 2001
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16.4-34 ;
i ———w—-—-— —
VA
s ! Le Ry
% A
2 A i ey
‘ i
Lo= s - dy (interior bolts) Rp= 20.6FtLc)
L= L - 1/2 dy (exterior bolts) =125tLe
(a) Dimensions (b) Strength formulation
{per bolt) :
Figure, C-5.1. Bearing strength formulation.
: 54

5.4.

Design Slip Resistance

54.1. At the Factored-Load Level: The design slip resistance is ¢R,

defined below and:
L i
DnTmN b

1.0 for standard holes
0.85 for oversized and short-slotted holes
0.70 for long-slotted holes perpendicular to the dlrech
= 0.60 for long-slotted holes parallel to the direction o

Rn = p‘DnTmNb(]

]

Specification for Structural Joints Using ASTM A325 or A490 Bolis, June 23
RESEARCH COUNCIL ON STRUCTURAL CONNECTIONS

Attachment: 5
Calc. No.: 145579-B-CA-004-
Rev. No.: =)

2
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Sheet
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i
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<
3
)

|
aces
R surfaces with Class B coatings on blast-cleanegd stee]
= 035forClass C surfaces (roughened bot-dip galvanized surfaces);
d2 H R e Y multiplier that reflects he 1atio of the mean installed bolt
1l 1| O6Fytle . Pretension to the specified minimum bolt pretension 7 - the use of '
= other values of p shall be approved by the Engineer of Record:
; T specified minimum bolt pretension (for pretensioned Joints as
Ro= 206mytLo) specified in Table 8.1), kips;
e e N, = number of bolts in the Joint; and
= f St required strengrh in tension (tensile component of applied factored
trength formulation load for combined shear and tension loading), lcipas]Jp 5
(per bolt) = zeroif the joint is subject 10 shear only
Sormulation.

34.2. At the Service-Loag Le

vel: The service-Joad slip resistance js OR,, where ¢ is as
defined in Section 5.4.1 and: ¢

& T -
R =upr N | el (Equation 5.7
s P'D m b( DTm Nb)

where

that reflects the distribution of
actual slip . coefficient values about the mean, the ratio of mean

zero if the joint js subject to shear only

& = h .
esistance is §R,, w 2nd all other variables are as defined for Equation 5.6,

el to the direction

or A490 Bolts, June 23,
£ CONNECTIONS

Specification Jor Structural Joings Using ASTM A325 or

RESEARCH COUNCIL ON STRU

A490 Bolrs, June 23, 2000
CONNEC]‘]ONS

Attachment:
Cale. No.: 145579—B—CA—004.-

Rev. No.: 0? L_

Sheet
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ICV™ Box Weight Summary from Galculation ‘
- - 145579-D-CA-010 Box Weight Calculations . \
| ‘Revision F |
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*b) . Stiffeners ',HSS4'x2'x5116‘ " -
.+ .C) ‘Stifeners~HSS 3%a%1/4* , . .~ Cak.No: '~ 145579-B-CA004
" d) - Plate Throughout — 5/16° *Rew, NoX 3
. ~e) 158" x1 5/8" Unistnat “Sheet: - - | of
- SuﬂenefBar -4"x3/8" BERE
-,g)_._Gugselséao ) o
The weight break-down for each component s shown below:
. Component SolidWorks Model - - Attachment 1
Box Componenls 19484 ' b ' 4 b
wT ewlr Bolls - I sd b
oo’; Stee} In Box (Base) 'S 100694 ™
= ZI?S%Z £ Welds 1 194 b
Lid 51200 1b 4737 Ib
— ‘13‘?14 5&5$_Electrodcs- 1264 1 12714 ®
insutation 18d 1 171 Ib
123 é(p‘fv pport Ribs & Bricks 6414 b 64671 1
: . od," Refractory 49824 b 46748 b
- $280 ¢ Sand 23008 b 24224 b
M
Solid Glass 93917] b g3917 I
115385 4 fFTop-OﬁSoa(a-min) 0084 I 10547 b
— 99 8% 11ol* b Station Weight 209302 1b 207601 Ib
d/-—'-
’0540] ”e’% !McllSta!laneight 20930 b
,ﬂ——’—ae’WJ Grout (=6 in) 828d] b (calculated)
Storage Pad Weight 217589 Ib
YAsym—
: & .M“,ol b) tarter th:
The starter path is absorbed by the moiten glass and therefore its weight
meunmmmukmnmmmm-wwmmoﬂgﬁ-umm'uuh ¥ Project Mles.
ORIGINATOR: [iTY]H CHECKE] DATE:
W" 20— 005 J -_fg.,‘__:______[_y.-,_e__-gs_

RPP-24544 REV' lc

.,cm.c.m i

’ 'uu.c muz-

cvm™ Box Welghl Calwlaﬂons

PROJECT NO- 145579

PROJEC‘I’Tm.E. Fina!DBVSDesagn

a) Sbffeners HSS4'x2"x1!4"

Attactmenl: .f B

“:"'_ 6

F.1.d0c

mo.-u-i’mu VITViscal Yaar 2005 WorkiCatadeiians DAAACA-G1D ICY Box m-wB-« FIAS78.D.CA10 Covr () v

A6-85

Pone-8-of-5—




RPP-24544REV1c =~

T ety s Lmopare T R A L T Y

145579-B-CA-004
Attachment 7
@ | ICC-ES Legacy Report 5608 - Hilti HDA Metric

Self—Undercuttmg Concrete Anchors, and
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lcc Evaluation Service, Inc -
L, Iec-es.org

' Susinastiaglonal Offica ® 5360 Workehan kMl s, Whitkr, G 60601 ® (562) 680643
. Peglonal Office » 500 Morkded Foad, Sulle A, Beiringham, Alobema 36213 » (205) £90-9800
_ wm-anwawmmqpmmm-mm?m

l.egacy report on the 1997 Uniform Buﬂdfng COde“'

Secﬂon 03151—ConcretoAnchoﬁng A

'NILTI HDA METRIC SEI.F-UNDERCUHM CONCRETE
VANCHO% - . :

-HILTI.ING. : : .
‘540050|ITH122?JDEASTAV‘ENUE )

TIISA. OKLAHOMA 74146

"'IOSUBJECT

Hiltt HDA Metric Sellu\derumlng COncrete Anchor&

‘20 DESCRIPTION

21 General:

The HDA is a self-undercutting-type concrele anchor. The
anchorls availablein pre-get  {DA-P) and through-set (HDA-
T) configurations and is fabricated from carbon steel. Figures
1 and 2 Mustrate available configurations. Al carbon steet
-parts are electroplated with &8 Spm-thick Zinc coating In
accordance with DIN 50961. Both configurations Include a
cone bolt, sleeve, washer and hex pul. Specifications for the

. anchors are provided in Table 1.

22 Components:

221 Cone Bol: Produced from carbon steel conformingtio

DIN 931, Grade 8.8, the cone bolt is cold-lormed with rofled
threads on one end and a cone on the other end. Within the
threaded part of the bolt there is a small area without thread.
This area without thread carries the setting mark (expansion
control) of the anchor rod. The rod end is covered by a plastic
cap to protect the thread during the selling process. On the
1p ol the rod, above the bok end, a code letier Is stamped,
which permits estabilshing the total embedded iength of the
anchor, as described in Table §.

222 Exponsion Sieeve: The sleeve is machined carbon
steel conforming 1o AlS! 4130. The expansion area of the
sleeve is subdividedinto six sections by means of longitudina)
slots. Two of these expansion sections have brazed tungsten
carbide tips for undercutting. In the joint where the expansion
sections transition 1o the body of the skeve, lherelsa
retention ring of plastic.

2.2.3 Washer: The washer is formed from carbon steel
conforming to DIN 5796,

2.2.4 Hex Nut: The hex nut ks formed from carbon stee!
conlorming to DIN 934, Grade 8.

225 Concrete? Nommat-weight concrete must conform 1o

- Sections 1903 and 1905 of the 1997 Uniform Buidding Code™ . -/
(lJBC).wimeomtess!vos!rengmhcompﬂancomes AR

reponatmelmeol’and\orhstauatlom

2.3.1 Servlcol.oads Aiwabtesewk:e(alowableshess.f- .
desim)staﬁcﬂmrandlenstonloodsaradescrmedln R R
‘Tables3and4. -

Servicaloadslorandamsub}eciadbwnbhedshearand
lensbnl‘omesnrodelecmmed bymebﬁwingeqmlion

(PJP)“"+(VJVJ“$I :
where: )
P, = Applied service tension load.
P, = Alowable service lension load.
V, = Applied service shear load.
V, = Afowable sef\ldce shear oad.

For anchors installed at edge distances less than critical
edge distance, ¢, and/or anchor spacing less than critical
spachg,smmebadmpadtyisremxedmmwm

feduction factors In Table 2.

2.32 Strength Deslgn: Strength design stalic shear and
tension loads are determined In accordance with Sections
1923.2,1523.3.2, 1923.3.3 and 1923.4 of the LBC, For the
purposes of design, A, in Section 1923.3.2 of the UBC shall
be taken as A, in Table 1, and £, In Section 1922.3.2 of the
UBC shall be taken as £,, in Table 1, The Kmiting deflections
used to determine the ultimate load in shear or lenslon are as
follows:

M1 0.39 inch (10 mm)
Mi12: 0.47 inch (12 mm)
M18:  0.63inch (16 mm)

The design stoel strength of the HDA-T in shear [pounds
()] shaB be calcutated as follows:

V,=060AL,+040A,1,
where:
1 = Areaof bolt 8s given in Table 1 (in"/mm?),

f.» = Utimate tensiie strength of the boit as given in Table
1 (pskMPa).

*Corrected April 2004

DCC-ES kegucy reporss sve nei 1 B¢ consivwed 83 1epiroignting sesshiiics o8 soy ol stiribunes ot ipecifically addressed, st ¢ Sy 1o be comsirwed a3
) endoriement of ihe subyect of the repors 8¢ & secommendarion for it ute. There is e warvanty by WCC Evaluanion Service, bnc., express ae implicd, as w0
\\.-—/

oy finching ot deher Rbtit i ihis repori, or 43 1 daF provhect covered by the
i T - Attachment: _:,L
Copyright ©2004 Cok. No. 145579-B-CA-004 Page 1 045
Rev. No.; 3
Sheel I o __ 8
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04*'1-4.,— 4

= Cmss-secnonalmdmeslemasgvenh

.. Teble 1 {in'/mm’). S AL
f‘, -‘Umwlens'loalrengiholﬂwslemasdvenh
Tablet(psMa)

Instalation dotails for the HDA pre-set ahd ihmugh-sel

anchors ara described in Tables 1 and 2 and in Figures 3, 4, -- ..
-Sand 8. Sleppeddnllb«tsaresuppliedbymwn andam .o
‘ hTab'e‘ . o .y o - . ."

25 Speclal lnspecﬁon'

Where specialinspection is required,
1701.52 of the UBC Is necessary. The spectal inspector shatt
‘verity snchor type, anchor dimensions, concrete fype, .

anchor

- conciela compressive strength, hole dimensions, .

spacing, edge distances, stab thickness, anchor embedment |
: andancruhstahﬂonpmdures(inchdngnwmdemmg
-processandposmonolledsetthgmark) e

manufacturer's name (Hitti, Inc.) and address, the anchor
name, the anchor size, the evaluation report number (ER-
5608), and the name of the quality control agency
{Underwriters Laboratories Inc.). Each anchor has the letters
HDA-P or HDA-T, the anchor rod size, and the maximum
fastened thickness embossed on the sleeve. As describedin
Section 2.2.1, on the tip of the rod, ebove the bolt end, a code
letter is slamped, which permits establishing the fotal length
©f the anchor set in concrete. -

3.0 EVIDENCE SUBMITTED loads or delormations.
Reporis ol tension, thear and seismic Joad tests and ' : . : . y
nical properties lests; tations: and quality control 4.10230 o':' :he anchors Js limited to dry, Interior “\

manuat.
4.0 FINDINGS . e
That the Hilti HDA anchor system described In this report

1 coroace with Section

. 4.8 Spocial lnspocllon 1 plovldad ln accordaneo with

: :-Secﬁonz.sdlmsrepott. ‘ .

.'i.'i “Firo-resistive , eonsirucﬂon Anchon ‘are not

" permitted for use In conjunction with fire-resistive
" ¢onstruction. Exceptions would be: - -

"-Anchorsmm-induse;smloacnngonty

'Foroihormanwhdoruhmlcloading. spacial
. comideraﬁonh yventoﬁreexposuueondﬂons.

"4 Fatigue and shock ‘loading: ‘Since sn ICC-ES

accepiance criteria for evaluating data to determine
" the performance of expansion anchors subjecled to

nnmolumeancbonmderumcondmomb

. beyond the scope ol this report.
49 Cracked concrete or masonrr Since an lcc-ES
' accepiance criteria for evaluating the performance
of anchors In cracked concrete or masonry is
unavailable at this time, the use of anchors is
himited to Installation n uncracked concrete or

masonry. Cracking occurs when > f, due to service

4.11 Use of anchors In mls'ﬂng earthquake or wind
loads Is permitted within the scope of this report.

fatigue or shock Joading Is unavaliable ot this thne,”

o

Section 4.2 references adjustments to the applied 8
complies with the 1997 Uniform Building Code™ (UBC), loads. - - C. = .
sub to the followl nditions: ) ’ - .
Jectto oflowing co on . 4.12 HDA self-undercutting anchors are manufactured by & .§
4.1 Anchorsizes, dimensions and minlmum embedment Mitt] a1 thelr facilities In Schaan, Liechienstein, with c w
depths are as set forth in the.lables of this report. quatity control Inspections by Underwriters
4.2 Loads applied 10 the anchors ere adjusted in Laboratorles Inc. (AA-637).
accordance with Sections 1909.2 and 1923.2 of the This report Is subkd to re-examination n two ,éars_
¢ode for strength design and 1612.3 of the UBC for . . é
service design, 2
TABLE 1—SPECIFICATION TABLE i N
IANCHOR SIZE HDA-YAHOA-PIM10 x 100720 | M12 2125730 | M12 2 125/50 | M16 x 190/40 | M16 x 19050 E
[Stop drill bet for HOA-T TJECHDA-B | TECHDAB | TECHDAB | TEY-HDAB | TEY-HOAB w0
20 %120 22 %155 22x175 30 % 220 30 x 250 il
[Stop dnft bit kor HDA-P TECHODAB | TECHDA-B TEC-HDA-B TEY-HOA-B TEY-HDA-B
20 x 120 22 % 124 22x 125 a0 x 190 20 x 190 .
eting ool TEC-HDA-ST| TEC-MDA-ST | TECHDA-ST | TEV-HOA-S§ | TEY-HDA-ST g€ ..
20-M10 22.M12 2-M12 30-M16 30-M16 g o
it Thickness of base malerial, min.* mmin)] 150 (6) 188 (%) 188 {71 285 (11%) 285 (11') 5 z
r: Totat anchor length mm (in)| 150 ({5.90) 190 {7.48) 210 {8.27) 275 {10.89) 295 (11.81) & -,%
Length LD. code’ fetier ] L N R s < O
fe  Fastening thickness
HDA-T, min} mm(n)| 10(0.99) 10{0.39) 10 {0.39) 15 (0.59) 15 {0.59)
HODA-T, thax, mm ()| 20{0.79) 20(1.18) 50{1.97) 40 (1.58) 60 (2.36)
HOA-P, max, mm (n)] 20(0.79) 20(1.19) 50 (1.97) 40 (1.58} 60 {2.36)
d,: Nom. gia of dnl bit* mm {in)} 20 (0.787) 22 (0.866) 22 (0.866) 80 {1.181) 30(1.181)
h,: M, depih of ikt hole mmfin)| 107 {421) | 134.5(530) | 134.5({530) 203 (7.99) 203 (7.99)
h,;  EHective anchoning depth mm fin}] 100 (3.64) V25 {4 02) 125 {4.92) 190 {7.48) 190 (7.48)

AG-88




RPP-24544 REV lc

lﬂ. ] IWﬂ M5 x 19050

r‘.‘HDArTﬂlDA-P mnnmn mznm

S20 ) ‘p ; T B

120 o) m("r_)u BTN
L ) ‘ié‘k&;‘né)' mmznj_ 1 BN T
S wmnga)] 10pg | 1204 | v 1600y || tepma0) -

‘e ()| 275 (1.08) | 835(1.32) - A5 (1.79) ] 4550.79)
> . - mm (n.)| 17 (0.669) 19 0.748) - - 24 (0.945) - 24 (0.945) -

e . Max tighteningtore® . - .. N-m(itdb) 50(371 - . BO(S9) - 120(88} 120 (88)
fSkevepropeies - L - BN BRI P
A; Crosssectonsisea - - .mn'{n.’)k 1960900 | 230806 | 223054 | -assieso) | aesiosso)
Se: Elastic section modkus L M 5% 0060 | 9@ | 779 w047s) mwmm 2110 (o120
“TA: Bolt nominal srea - _ et gn] msmiza | nawws | mapirs | 201092 | 201051 |
W Boxtensionarea * . U mmt G| 580.000) .| 843013 | 843131 |1 15700243) | ‘157 (0243
ls: Emstie soctonmoduks” - © -~ mmt )] 67 0.0041) | 317 poor) | 117 0.oo71) { 20 0.0178) | 253 0017
Py Unioroun boorng aread - mov (n)] 204.1 (0.953) | 291.6 (0.452) | 201.6 0.452) | 4969 (0.770) | 496.9 (0.770)
[ Siceve utinata lensia suength -~ MPa (ps)|B50 (123.260) | 850 (123.250) | 850 (123.250) | 700 (107,500) | 700 (101,500)
[ Bonimats versie srengh MPa (p2i)| 800 (116,0003] BOG (116.000) | 800 (116,000) § PO (116,006) | B0 (116,000)
'Mmmuobaemmﬂﬂkhmamedhmwmdm N - :-._-*.'-; ‘ ’. . . 7

MLength cocle cometating 10 total anchor length, £
mmdmmumﬁbdeMMMth
*Metric dril bRt suppied by HIE must be used.
WmmmdmaWhmmmhpmemmMmhwﬂpmm
'Beah\gaeacmbnmhsmwimatdheod&

Attachment:
Cale. No.:

. HILT) RECOMMENDED HAMMER DRILLS FOR SETTING ‘ .
‘JAnchor Size HODA-T/HDA-P{ M10 x 100/20 [M122 12530 [M12x 12550 ] - . M18x 19040 - | M16 x 190060
g Sysiem for anchor setting + - TE24, TE2S fust gear : TE75 max. hammarnng power
[S.nple impact energy Joules (it -k} 8.7-47(27-35) ot 7.0+-9.0(52-66)
[3peed under load pm - 250 « 500 - 150 - 350
Setting Detalls -
£ & Z3 £] £
NN NN o+
:\\\: :\:\ Ry . e ]
I I ‘\\\\ NN RIN NN
\ NN =] Z] E RN NI
N 2 N = SN
AN e ANy NN
J Ny N SN
QAT AT Ry 3 \\\‘4 \\‘\
PN NN \\\\\ J 3 \\ :
HDAT B HDAP Tz
©
TABLE 2—HDA-P AND HDA-T ANCHOR SPACING AND EDGE DISTANCE GUIDELINES
GUIDELINE | LOAD CONDITION CRITICAL (inches) MINEMUM (inches)
TYPE (Style) M10 M2 Mie M0 M2 M16

Spacing(5) | Tension and shear [3.0 xh, = 11,81 ]3.0 x i = 14.76 |20 x N, w2244 1.0x B =204 | 1.0xh =492 | 1.0 x h_ =748

Edge (C} | Tension lor HDA-P .
and HDA-T and 1.5x h,e591 | 15xh,w738 [1.5xh,=1122]08x A, =315 [0.Bx h, =354 |0OBx h, =598
shear for HDA-P
Edga (C) | Shearlor HDA-T J20xh »7.87 | 20xh 984 |2.0xn = 1495J08xh w315 |0.8xh, =394 |[0.8% h =598

For Sz 1 inch = 25.4 mm,

Notes:

1. When using minimum spacing and the load condition is either tension or shear, reduce the alowable service load by 13%.

2. When using minimum edge drslance and the load condition is tension lor HDA-P and HDA-T of shear lof Ihe HDA-P, reduce the allowable
service load by 9%.

3. When using mnimum edge distance and the load condition is sheat lor the HDA-T, reduce the allowable senvice load by 74%.
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‘&
‘Pagedof 5 : ER-5608
i 7ma-mwmmruammoumsemmmummvuws L
N C e mmmnmmm){
-, - “ t PO T S
o m«onsma(m) sunznueuroerm .2 2,500 psi - K
' i o (mehes) - smldmp-ulnn Wsmnpm
M]or o e 8 e At 26880 e e v 1,320 0 [T BT
Miz. | - -8 ] - .3%8 - .. SR .
M8 . - .75 B A R T R

‘FotSt:lhch-zsAlrln. lpsi-s.ms:to‘h!’a.l bie 45K o

1. mmummmlmmhhmmmmwwmnmmmmmmm
strength at the tme of anchor Instaliation, .
2.Wmmbwmhmmm8ecﬂmzsdmmm S e

3 I&mnmaeMmahmﬂbahmdaru%Tﬂl. S Lo ;
: Tmmnuammowmsenmsammmvms e
S - ronnomwemoonmchm) .
ANCHOR SIZE (mim) Eusswmoepm e aan - f :zsmpu
: 1 (nchws) =1 HOAP HDAT . ..
M10 4. BB . 1,630
M12 - § - . 2,378
M8 75 4.233
For Sk 1 inch = 25.4 mm, |pd-a395:w‘upa.1u-usu.

Notes:

1. TheMMMNWMMHWWnWWWaMMMNMQme
ol the ime of anchot insialiation,

2. Spedcial inspection I8 provided in accordance with Section 2.5 of this report.

3. Mrumaurn concrete thickness, b, must be in accordance with Table 1.

Aftachment: _-7
Calc. No.: 145579-B-CA-004
Rev. No.: 3

Sheet g ot R

RS e s En N

I § S

i SSSER SN I
ReE Sed
Sy N

)

Epespe

%
I3 130340

FIGURE 3—INSTALLATION INSTRUCTIONS FOR HDA-P  FIGURE 4—INSTALLATION INSTRUCTIONS FOR HDA-T
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T e v-ﬁuvn,x..uuf.nm\{r« P

ER-5608

?‘
Ptbtn- L
;\m&ampdrllumpndb!umc%!wdﬂ.

.mm*rmm;pm

I. ] - V ’ -
'mhkhubhchmdmﬂnm
h:lo;mn]
Theuhuhphtedhteb&.nhllbcmsh uie'bonmoflbcbonbk '!hcnbcmﬂool
assigoed 1o the ancher (tables 2 and 6) Is artached 1o the rorary hammmet deill, which has been wsed for

grifling the hole, mumbdnpi&dmummmd.um&emwknddum
bolnkllbepmehhll«w_ .

a

mmswmﬂummﬂwnumpmmum
L procedure, the shecwe shifts axially to the anchor rod aud st the same tine 1he wndercut is made in he -
? : conciese, On the seuiing tool, there b5 o red ring as & fint sefling X, This mack cae give the wxer s thoe,
. bowiarthe setting procedure has progressed. I this marking is Nlosh with the concrete surface for the pre-
o ndnuyum-mmwmhmwmmmwmuuw

Sl : Pictogram 5:

T Mn&wknmmwmshmgmmmhmﬁm&mm&md
MW&WUMumqumMuM“hﬁkmM
the 1op exdge of the sheeve. T ;

Pictogram 6; L C
The past to be fastemed is secured by rightesing the sorque.

FIGURE 6—THAQUGH-SETTING ANCHOR HDA-T (POSTPOSITIONING)

Attachment; 7—

Calc. No.: 145579-B-CA-004

Rev. No.: 3

Sheet = of
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- 4.3.11Pro¢1ctll&ecdpﬁon . ' '~.‘ el - PRRR
mmmmmsammmﬁ . mmmmmum ol
undercul anchor whose undercut scgments Incorporate ‘_ mmmmm

desigred 10 devekop a ductle steel ke TRe DA~ . - F

system Includes effher preset (DA-P) or trough-sel tfh'n'ﬂmbb o

(10A-T) style anchors, stop ol bits, setting tool, and . anmmumnﬂmaismm

roto- hammer ol for four metric bolt ses MIO (V8), - for comosive environments S

M12 {127, W16 {87 and M20 (/4. The HDA s . mmmmmm TR

gvalable in a sherardized and 316 stalniess steed mmmmmm

versions for outdoor environments. Each sizefstylels . R R

oftered 1 wo lenglhs 10 acoommodate various maleridl - mwm s R,

Bricknesses 1o be tastened (oot M10). Undercut Anchers * Urdercal anchors shall be of TP e

_— ' - anundemut shie wih brazed tingsten caridesonthe < T T .o

Product Features © embedded end that perform the sef-undercuting © -

» Undercut segments provide cast-In-place Be . process. Undercut portion of anchor sholl have g~ - A
performance with Smlted expansion stresses minimum projected bearing area equal 1o or greater than .

: 2.5 times the nominal bolt area, The bok shall conform
. Dmﬁadligistrmgthmusamyre!ated. 1o 150 858 ciass 8.8
Y oA dimensioned and supphied by Hit,
*  Self-undercytting wedges provide an easy, fast ‘
and refiable anchor instaftation Instatlation Referto4.3.1.3and4.3.1.4.
= Excellent performance in cracked concrete ension
2ones, earthquake- resisting structues)

“Vlechanical Properties |

4.3.1.2 Material specifications 1, min.f,
HDA-T/-TF/-P/-PF €asbon stee! cone bolt; M10, M12, M16 and M20 Lo B
meets strength requicements of ISO 898, ctass 8.8 928 6400 116
HOA-T/-TF/-Pt-PF carbon stee! siceve; M10 & M12 cordorms 10 - 123.3 {850)
Ewopean Standard No. 25CiMoS4

HOA-T/-TF/-P1-PF carbon Steel skeeve; M16 conforms ko Euiopean SnGad Mo, 250084 | — 1015 (700}
HDA-T/-TFH/-P/-PF carton gteed siceve; M20 conforms to European Standard No. 25CrvioS4 - ?9.5‘550‘
FDA-TR/-PR staintess Steed cone bott; M10, M12 and M16 conforms o AI 316 or 316 T | 87 (600) 116
HDA-TRV-PR stainiess sieel sieeve;, M10 and M12 comforms 10 A1 316 0r 316 T — 1233
HOA-TR/-PR stainless steed sieeve; M16 conforms O AISI 316 0r 316 T - 1015 @

HOA-T/-TF/-P/-Pf mt condormns to DIN 834, grade 8
HOA-TR/-PR aut costorms to DIN 934, grade A4-80

) ERI?SEGSOB - Code HDA-T/-TF/-TR/-P£-PF/-PR washer condorms to O 6796
COLA (Gity of Los Angeles) HOA-T/-P components are electropiated min. 5 mm zing

Research Report No. 25422
European Techmical Approval HOA-TF/-PF sherardized components have average 53 mm zinc

Listings/Approvals

Componentls :
=7

Attachment:
Sep 0t 0SS Calc.No: __ 145579-B-CA-004
oSetig ool [T Rev. No.: 3
* Fotary e | Sheet & o _ R

Harmmer Drid

¥

Visit Hili On!ineH
wyw.us. hiltl.com US
www.ca.hilti.com Canada

140 =TT 1518, Inc., (US) 1-800-879-B000 ) Product Technical Guide 2004 | Hitt (Canada) Corporation 1-800-363-4458
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HDA Uridercut Anchor -

HDA.HDA ndeDA-FlhdemstMchormWahbTensbn Loads
hHonmIWeightCmmte

AG6-93

mm o {21742 (2,500 psh Steet Capacty’
. Size,mm - |, bepm.mlh) ~ Tenslon KN} Tension, kN (1)
mo---;z—.-'--,.x S t00M) .o bt 154456 20,7 (4,660
oM 128 ] 2836285 2985110
A I R ‘ T X I 409 9,197) 53{11,930)
M2 | seEm | 68(15.287) 83 (18645
o HDA, HDA-R and HDA- Fmdemﬂlndmtwhnn!e'l’mslonloads. © oo te werk
o - ' o
,hNomnIWeigM Concrele? 'Wmm s mﬂ'ﬂg' |
" nches tartuari IR vt Sos apachy & o
Aachor Embedment L2 17.4 P2 (2,500 ps) on
. minkraum mechanical and
e Depth,mmfn) Tonslon, ki b) v por MO
R Ll : 004) A7 {10,560 033w '
o w2 o e - ) {5964 2 our ap b, o bem 0
. o fws . 190078 . - 127 (28.621) ;"O'W:;WM ]
I e zops 204 45,744 ammmhm“
" HOA, HDA-R and HDA-F Undercut Anchor Atlowablez Shear Loads in Concrete
Anchor . Embedment £, 2 17.4 MPa (2,500 psi)
See,mm Depth, mm (in) Shear, kN fb)
SRR HDA-P HOA-T
M0 100 {4) 4.6(1,027) 28.7 (8,453}
M12 15 122 (2,750 31.2(7,005)
M. - 19075 - 233 (5,.2408 526 (31,835
M20 ‘ 250 (9.8} 332 (7.460) 81.0 18210
HDA, HDA-R and HDA-F Undercut Anchor Ultimate Shear Loads in Concrete!
Anchor Embedment 1,2 17.4 MPa (2,500 psi)
Size, mm Depth, mm jn) Shear, kN )
HOA-P HOA-T
M10 100 {4) 29 (5.516) : 6 (21,6409
M2 1255 42(9,5100 130 29,180 - 1»ua-a;:‘mwm
enge obtained in lesting
M6 19005) TS 18,550 221 (49,700 2 Alowable lnads determined by 5%
M20 . Bapy 1205 (27,100} 313 (70,200) fractie. See Section 223
Attachmen!: :—
_ Calc. No.: 145579-B-CA-004
o Erear P pe Rev. No.: 3
Visit Hilti Online
www.us hilti. com US i Sheet 27 o D
www.ca hilti.com Canada
. 148 =TT 1, inc. (US) 1-800-879-8000 | Product Technical Guide 2004 § Hitti (Canada) Cerporation 1-800-363-4458



" Setting Operation HDA-T/-TR/-TF (Through-Set Style)
' Zj:':";',’,:i; 7

’f’l”l”lf
W A e

RPP-24544 REV Ic

'HDA Undercut A'n'chor

III/

/,”, 7 Illl/lll

”’/r//////

7
PSS, '/,
e l/l/ ///n?f"/ 4

FATATTATSS DS
/1'///%,,,’,’,”
s

, CIAT LA
R Mihﬁhhmﬁeﬂhﬂhlﬂutm&lhﬂ

2 Clean hole with compressed air or 3 hand 2 pump

'+ . of the sefting operalion.

- maiched 10 the anchar, frefer 1D speciication table - such that drlling dety's is evacuated.
- snd ordering inlo ). ¥ reber is encountered, wse a Hti L.
- metric malched tolerance diomond core bt to drll - -
. mnmmumaemmh
_muwummhmﬂu yo
R ." “ : V .
N 75/ 0 TS 7
B R R
- 7//////2\‘ AT LI TR
- & The anchor is set with the hammer 5. Tha mark on the anchor id
.. 16kl in hammes &l mode. Duving . Provides the Indicalor lor corred
- . seffing procedure, both drling and setting. The anchor i Sef and the undencul
" Impact energy are Wansfermed 10 the sleeve I hully formed when the red marking on the
by the setiing Tool, causing the sieeve 1o skde anchor bolt Is vishie above the top edoe of the
. overthe comcal end of e anchor bok while tleeve. I anchor sefling ime exceeds 40 seconds for
* .. loiming the undercut in the base malertal. On the M0 or M12 anchors or 60 seconds for M16 or M20
sediing ool, he red ring indicates he progress anchors, remove the anchor see HDA removal iool

Tnstructions). Install 3 new HOA snchot,

3. The anchor i8 Inserted In the hole, 30 that the cone
S35 on the botiom of the driled hole. Do not semove
the plasic cap which potects #e threaded md.
Using the assigned sefing %oof and Hiti Hamemer Delt
{Reler 1o spec. Table and Ordering irdo.), the seting
1ol is guided over the anchor sod and engages the
grooves n the sieeve. i is critical 1o wse the speck-
fied Hilj hammer drills,

8. Remove the phaic tvead prolectos cap, Secure the.
Part 10 be kxstened by wsing the conical Spring wash-
ummmmawmwmm

‘ Torque 15 not recuiced 1 st the anchor.

b M

1.Dllawehlhemhadmmtmﬂopdibl
maiched 1o e snchar, frefer bo speciication table
and ardesing Info.). N rebar is encountered, use a il
" metric maiched lolerance damond cors bit o il _
wough the rebar. Remove the concrete core and fin
Ish driling The hole with The glop dril bl

tmm&mmmm S
&l in hammer &l node. During the:
sefting procedure, both deilkng and impact
energy are Warsiesred 10 the siceve by the
settng fool, Causing the sleeve 1o siide over the
conical end of the anchor boll while iorming the
ndzscul in e base material, On the settng tool,
the red ting indicates the progress of the sefling
operalion. When this mesking is lush with the con-
necled part, theck the anchas for proper seting §cler
10 step 5.

Visit Hitli Online
www.us hitli.com US
www.c hilti.com Canada
@ -

NN,
L, -
”’,Il’lflf .

- - ]-

!

7,
LTI NI
PRIy ..

| 7R APAILI AL AR s .

LA asfois,
AR,
%‘,”’11 A,
A LA,
-

% o
’t L, I’/’,’J,I’I /)

2. Ocan hole with compressed alr o 2 hand alr pump
such e drilling debris B evacuated.

5. The mark on the anchor sod
provides the Indicator for correct
sefting The anchor is set and the

- wndistul is kly formed when the red
marking on the anchor bol i visible above
The top edge of the slesve i snchor selling lme
exceeds 40 seconds for M10 or M12 anchors or 60
seconds for M16 or M20 anchors, 1emove the anchor
{see HDA Removal Tool instructions). insial 3 new
HOA anchor,

3. The anchor ks Inserted In he hole, S0 That the cone
s on the botiom of e drilled hole, Do not remove
the plastic eap which prolects the threaded rod.
Using the sssigned setting ool and HEtl Hammes (il
{Peter W spec. Table and Ovdering inko ), the setting
ool is guided over he anchor rod and engages the
grooves in the tleeve. R is crilical b wse the speci-
fied Hil hamemer deills.

Ll A
LD
”’/:/rt;

=
A AN ¢
6. Remove the plastc thread prolecior cap. Securg the

pait 10 be fastened by using the conical spring wash-
of and nul provided. Apply 8 torgue: not 1o exceed the

]' mzummm;mnm;_l

ol

Attachment:

Calc. No.: 145579-B-CA-004
Rev. No..

Sheet of __ &

T3] silt, ic. (US) 3-800-879-8000 § Product Technical Guide 2004 | Hilli (Canada) Corporation 1-800-363-4158
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) Attachment 8

'Effect of Heat on Structural Steel and Box Design
Temperature References from ASD Design Manual
. ‘and ICV Box Structural Analysis
(Calculation 145579-D-CA-011 Rev. 1)
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e
(A RN A . H

% calcwos [ HsEroDes ;1*1:'4g;;'

'mamchvmsmsmmm L
- PROJECT NO.2 145579 : PROJECTTm-E. FInalDBVS Deslgn
1 1N7Rooudhon S

KT I PURPOSE

The pu:posa of this calwlalion Is to venfy adequa!e slrepg!h of alt members in the
ICV™ Box and lid deslgn for the projected load conditions they will be subjected to.
The phate thickness and stiffeners are examined fof stress ot two temperatures,
662°F (350°C) and 1058°F (570°C). This calctlation provides a breakdown for each
section of the box (Le. lid, sides, ends and floor) and, f areas of concern are

- identified, will specify modificaions lo the material selecion and epacing of
structural members for the current design of |he Icym™ Box. An analysis of the
Im}ng points ks completed and the tesults stated. - . .

12 SCOPE -
. The scope of this calculation Is the analysis of the structural integrity of the ICV™ <
Box for the following condillons: m 3 ol 5
' o
. « Lifting of the box when empty. E;
+ Box al melt station (analyzed at two ICV™ box surface temperalures), I
+ Lifting of the box when filed wilh rnaterial {refraclory, glass, top-off soll,

and vold space fi filler),

=t
s T
Additional discussion of each condition Is provided in the body of the calculation £ 8 g
ard in the Resuits and Conclusions seclion. § e §
- £885

2 BASIS

241 DESIGN INPUTS

1. Box surface lemperatures = 662°F (350°C) end 1058°F (570°C). Box surface
temperalure of 662°F Is an anfticipaled upper valve during normal operating
condilions. A higher value of 1058'F represents poid al which the yield
strength of sieel s signiicantly dimmished. Nole thal this upper value also
bounds the results from calculation 145579-D-CA-001, which delermined the
box skin temperature for normal and upset condilions.

2. Specific Gravily of glass = 2.65. Specific gravity of top-off soif = 1.43. From F-
145579-00-A-0021, Rev. 0J, Full DBVS Feed Preparafion & Melt Process Flow
Diagram.

Typod remenidates i this bon ruicate the coitulition het bren 1ioned ctispproved snd the stipinats hove been placed in the Projfect fles.

CEEK m“\/l’-‘fﬂoc N ca:cun:_;//éw oa}:‘zq‘x

Ol VITW el Your 3005 Weak\Caicutstions DMBACA-DTIICY Bt SruchuislNiee PATTIZ1-MCAL-DY1- Raged-olte
[ .
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Determine Heat effects on the ICV Box Steel

Ana!ysisonCVBoxuﬁlbeatMohenpemMesashdbaledbelow

Ty = 662°F

Tz 1056°F

As listed In AISCASD page 6-3, Ihe ﬂold stmngth of ratloslor eafbon sleel st elevaled lenpemtwes am
approximately 0.77 al BOO*F, 0.83 at 1000°F and 0.37 at 1200°F, 'Use straight na Interpolafion to determine the
yield strength ratio of steel for the temperatures as Isted above. Uslngmeyle!dstrangm ratio ol 1.0 at en assumed
ambient lemperature of 60°F, resuns Inthe tolcming yield strength reductions: - .

662°F - 60°F

$)m ——— + 1.0 31 w0.81
T 800°P-60"F
0.77-1.0
1058°F - 1000°F :
$2 3 ———————— 4+ 0.630 52w 0.55
1200-°F-1000"F
0.37-0.6)

Reduction of yleld strength s a result of the
lower boundihg tempetature,

Reduction of yieid strength as a result of the
higher bounding temperature.

The modublus of plaslicity wilt change with femperature but AISC does not lee any guidance on the values o use el
. elevaled temperatures. Use ASME B&PY Code ID, to delermine the values al the lemperatures as Nsted above.

The modulus of elasticity of Carbon steed Is 26.5x10% at 600°F, 25.5x106 at 700°F, 20, 4x10‘ at 1000°F, and
18.0x10% at $100°F, Use slralght fine interpolation o determine the value.

E 2= 29000psi

662°F —~ 600°F
700-°F-600°F
25500ksi-25600kss

Ep'=

1058°F - 1000°F
1100°F-1000°F
18000ksi~-20400ksi

Ez= + 20400ksi Ep=19008ksi

'A6-97

+25600ksi Ey=25538ksi -

Modulus of Elasticity at ambient temperatures,
AISC ASD, page 6-30,

Modulus of elasticity of sleet at 662°F, ASME
B&PV Code Section Il Part D Subpart 2, see
Attachment 2, page 2.

Modulus of elasticity of sleel at 1058°F, ASME
B&FPV Code Section If Part D Subpart 2, see
Altachmenl 2, page 2.

Attachment: 5’

Cale. No.: 145579-B-CA-004
Rev. No.: 3
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__ EFFEb%td#HEAT- ON smucwm?mﬂ -

|- short-time elcvalcd»tmpentnrc tensile tesis on the oonsmxmnal :!ee!s pcnmltu! -

* by the AISC Specification indicate that the ratios of the elevated-temperature yield
. and tensile strengths to their respective room-temperature strength valucs are rea-
- sonably similar a1 any particular temperature for the various sizels in the 300 to 700"

"F. range, except for variations due to strain aging. (The tensile strength ratio mayin- -

. crease 10 & value greater I.hanumlym the 300 10 700° F. range when strain aging oc-
¢urs.} Above this range, the ratio of e[cvated-tcmperamre to room-temperature
strength decreases as the temperature increases. g
, The composition of the steels is usually such that the arbon stccls exh'bu strain
" pging with sttendant reduced potch toughness, The bigh-strength Jow-alloy and heat-
treated constructional alloy steels exhibit

bit fess-pronounced or little stain sging.
As examples of the decreased ratio levels obtained at clevated temperatare, the
wield strength ratios for carbon and high-strength low-alloy sieels e apptaxmatcly
:0778!8(!)'F.,0635t 1000* F., and 0,37 a1 1200°F. - -
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E-RESISTANT CONSTRUCTION

ASTM Specification E119, Sundard Methods of Fire Tests of Bm‘lding Cons:rucuon
and Materials, outlines the procedures of Ere testing of stroctural clements located
inside a building and exposed to fire within the compartment or room in which they
are located. The temperature eriterion used requires that the average of the temper-
sture readings not exceed 1000° F. for columns and 1100° F, for beams. An individual
temperature reading may not exceed 1100* F. for columns and 1200° F. for beams.

Steel buildings whose condition of exterior exposure and whose combustible -
contenls under fire hazards will not produce a steel lemperature greater than the
foregoing criteria may therefore be considered fire-resistive without the provision of
insulating protection for the steel.

A fire exposure of severity and duration sufficicnt to raise the tcmpemure of
the steel much above the fire test critesia temperature will seriously impair its ability
to sustain loads at the unit stresses or plasticity load factors permitted by the AISC
Specification. In such cases, the members upon which the stability of the structure
depends should be insulated by fire-resistive materials or construction capable of
holding the average lcmperzwrc of the steed 10 not more than that speciﬁcd for the
fie test standard.

Under the E119 specification, each tested assembly is subjecied to a standard
fire of controlled extent and severity. The fire resistance rating s expressed as the
time, im hours, that the assembly Is able to withstand the fire exposure before the first
critical point in its behavior it reached. These tests indicate the minimum period of
time during which structural members, such as columns and beams, are capablc of

- waintaining their ‘strength and rigidity when subjected to the standard fire. They also

i establish the minimum period of time during which floors, roofs, walls or partitions
;- will prevent fire spread by protecting against the passage of Rame, hot gases and ex-
- cessive heal.
Tables of fire rcslstance ratings for various msulahng malerials and construc-
: Bons applied 1o structural elements are published in the AISI booklets Fire Resistant
£ Steel Frame Construction, Designing Fire Protection for Steel Columns and Designing
“Fire Protection for Steel Trusses. Ratings may slso be found in publications of the
'Undcrwntcrs Laboratories, Inc.
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i From. Meyer Pau! (Tran) .
ey .“February 26,2006 9:54 AM -

To: '?' _aMackey,Thomas(:' S : | o
~€e: . Shiord, David H (Dave); Slephens. JohnD(T:aif) Leonard Michoel W; Swoet. Frank
,'Sub]ect. HE.CaIcu!ahonofpossiﬂolCVBoxmvemant_” R SRR :
'ATl'acklng.Redplent . Read IR
snmoamn(m-e)
szephensmnrr-an
Sieet, Frank . nearzsfozfzooswmm S -ﬂ:. L

NEER I

;\ml! use H-02159 and V=0. 1579 in| my check ol‘ the poss‘ble box movement

Thz_mks.
The quick version: with importance facior 1.0 Ihe se:sm!c forces cannot U\reroome lnctlon and Initiate sfiding
using the equations from HEDL. L

With an importance factor of 15 applied 1o the sefsmic loads, both vanlcal?y and'miizohtélly, the box may
overcome friction and woutd move 0.018 inches (~0.5 mm) afler 10 eanhquo cycles. This ks acceptable.
-Paul

From: Mackey, Thomas C [mailto:Thomas_t C_Mackey@RL.gav]
Sent: February 27, 2006 3:12PM

To: Meyer, Paul (Trail
Cc: Shuford, David H (Dave); Stephens, John D (Trall); Mackey, Thomas o0 Leonard Michae! w
Subject: RE: Calculation of possible ICV Box movement

Paut

We have been having simitar discussions here regarding PGA and ZPA. ;rha old FFTF spectra is a little higher
than our new site specific response specira. The following is extracted from another discussion on this subject:

PGA, and ZPA arc esscnhally syronymous terms. The peaks of the horizonta) and vetucal design spectra provided by
Geomatrix are 0.588g and 0.346g.

These are not peak ground accelerations, but rather peak spectral sccelerations, The PGA’s (ZPA's) of the horizontal and
vertical surface design spectra for the tank farms as provided by Geomatrix are 0215z, and 0.157g, respectively.

Tom Attachment: 9

Calc. No.: 145579-B-CA-004
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" " Sent: Monday, February 27, 2006 2:56 PM

v

. RPP24SM4REVIc

" From: Meyer, Poul (Trafl) [mailto: pau! meyet@amer.com]

';Z-To'MackeyThomasc - e-",.n AR
.. €z Shuford, David H (Dave); Stephens, JohnD(Traﬂ) fii

" “Thanks.

CQuestion: 1o do the calcutation, T need the "H* and *V* values for our sits.” On page 5 of the fax {page 18 of the
cak) i says the "H and V vakues are taken from HWS-1386 response curves for a given location.” ‘Are those
response curves available for the 200W site? -1 did a search for HWS-1386 on tha Intemet and Ihe single hit was
-a document called "FFTF Final Safety Analysis Reporl (WHC-TI-75002)" for the Fast Flux Text ..

Facility. According to that document, the full title of HWS-1386 ks "FFTF Structure Response Curves for Selsmic
Design of FFTF Equipment.” Reporl 75002 references HWS-1386 bui does not gfve any of tha response values.

Are the tables 1 2 and3 rnentloned on page 5 (paga 18 of tha ca!culatlon) avai!abte? It looks asi they hava
typica! values of sliding distance for various Iocations and various coeﬁicients o!’ fnchon perhaps a resun is

already availabla. D

1 assume the value of *i* Is tha imdamental lrequency h Hz (whieh is the remprocal ol lhe period} The curbs
have a period "T" (per UBC) of 0.03 seconds, or a natural fraquancy of -33 Hz. Deﬂnitely rigid! '

" My assumption is that *H" probably corresponds toCainlho UBC—97
i [ take H as 0.24g and V as 50% of Hor 0.12g, then: -
Calculation (3) suggess sliding cannot occur. 0. 33> (0.24)!(1-0 12) 0. 33:-0.27

Assuningudoesoocuranyway
If H= 0.24g, V= 0.12g, "mu* = 0.33 and iu_33l~lzandg=32n!sec"20r3841nlseo'~2

then the movermnent of the box would bo .
Xm = 0.000885 inches per cycle, or 0.009 inches in 10 cycles. This is acceptable. .

IF the assumed values of H and V are both increased by an importance factor of 1.5, then skiding will occur as
the valve of H/(1-V) = 1.5(0.24)/(1-{1.5*0.12)) = 0.5 which s greater than he coefficient of iriction. In that
scenario, the total movement would be 0 0024 Iiches per cycle, or 0.024 inchos (0 6 mm) in 10 cycles.

Stilt acceptable.

This ks subject to confirmalion of the correct values to use for H and V.

-Paul

From: Mackey, Thomas C [mailto: Thomas__(:_Mackey@RL.gov]
Sent: February 27, 2006 8:05 AM

To: Meyer, Paul (Trail)

Cc: Shuford, David H (Dave); Mackey, Thomas C
Subject: FW: Attached Is the: file you requested.
Paul '

Here is the PDF.

Tom

From: Lenz, Kelli S
Sent: Monday, February 27, 2006 8:05 AM

To: Mackey, Thomas C
! . Attachment: C?
bject: he § R ¢
Subject: Attached ks the file you requested Cale. No.: 195579.5.CA 004
Rev. No.: 3
Sheet 13 of )<~
03/0212006
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Calculahcn Reviewed: J:PSSTM --'B 64 -004-

SoopcofRev:cw COMN,(.TC 2)0:..
’ (e.g., document section or portion of calculanon)

Engm:erIAnalysl @ut_. /’/{ &‘fm_.
Organmbonal Mgr: M@L— .

‘Ilns document consists of | I pages and the followu:g attachments (lf apphcable)'
_AI[ACHMM rs' (=9 As c1$700_OM_CALCHATIIN

o

Dale' 203@ gdl 22
Dalew 44-;?,

Yes No 'NA* : ) . .
[1 [] 1. Analytical and technical approaches and results are reasonable and Wopnalc.
[] [) 2 Necessary assumptions are reasonable, explicitly stated, and supported.
[ [) $ 3. Ensurecalculations that use software include a paper printout, microfiche, CD

ROM, or other electronic file of the input data and identification to the computer
codes and versions used, or provide alternate documentation to uniquely and clearly
identify the exact coding and execution process. Ao SofFTioan @ .

[} [] 4 Inputdata were checked for cons:slency with original source information.
% i1 [1 5. Forbothqualitative’and quantitative data, uncertainties are recognized and
discussed.
w {] [] 6 Mathematical derivations were checked including dimensional consistency of
results.
K [1 [] 7. Calculations are sufficiently detailed such that a technically qualified person can
unddérstand the analysis without requiring outside information.
[T {) By 8 Software verification and validation are addressed adequatcly. ‘hls Sofrisatt
M [l []-9 Limits/criteria/guidelines applied 10 the analysis results are appropriate and  *
referenced. Lumts/mlmalguldclmcs wete checked against references.
{1 [1 10. Conclusions are consistent with analytical results and applicable lmnts
f1 [1 1. Results and conclusions address all points in the purpose.
[1 {1} 12, Referenced documents arc retricvable or otherwise available.
[1 {) 13. The version or revision of each reference is cited.
[] [) 4. Thedocument was prepared in accordance with Attachment A, “Calculation Format
and Preparation Instructions.”
¥ [] [] 15, Allchecker comments have been dispositioned and the design media matches the
calculations. ,
m wMﬂ-l/ /'t reh 23—/06'
Checker (Printed Name an(ps:gnarurc) Date /

* If No of NA is chosen, an explanation must be provided on or attached 1o this form,
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Subcontractor Calculation Review Checklist,

Pagelofl

Subject: ICV™ Box Support Curbs Type ‘C’ and ‘D’ and ‘E*

The subject document has been reviewed by the undersigned.
The checker reviewed and verified the following items as applicable.

Documents Reviewed: 145579-B-CA-004, Rev, 3

Analysis Performed By: AMEC

Design Input

Basic Assumptions

Approach/Design Methodology

Consistency with item or document supported by the calculation
Conclusion/Results Interpretation

Tmpact on existing requirements

Checker (printed name, signature, and date): M. W, Leonard M u ", l 3 I ol

Organizational Manager (printcd name, signature and date): D. 1. Shuford 2
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CALC.TITLE:  Area 35 - Transient Heat Transfer Calculations of ICV™ Box
PROJECTNO.: 145579 PROJECTTITLE: Final DBVS Design

1 INTRODUCTION

Full-scale testing with non-radioactive simulant in a prototypical ICV™ Box has led to
evolution of the design for the refractory and insulating layers of the ICV™ Box. Heat
transfer calculations modeling multiple configuration options were performed fo guide
the design evolution (see References 1 and 2). The resultant ICV™ Box refractory
and sand configuration (see F-145579-35-D-0004, -0016, and -0017, attached) has
been successfully tested at full-scale with non-radioactive simulant. Preliminary test
results from Test 38A-1 correlate well with the heat transfer calculations documented
in References 1 and 2.

This calcufation utilizes the heat transfer model developed and used in References 1
& 2 and applies it to postulated conditions at the DBVS, as depicted in the attached
drawings (see F-145579-00-D-0041, -00-B-0020 and -00-B-0025).

1.1 PURPOSE

The purpose of this calculation is to bound the ICV™ Box skin temperature by
approximating worst case conditions seen in the DBVS. This calculation also verifies
that, in the event molten glass leaks from the 60PC castable refractory in the ICV™
Box, leaking glass will not contact the steel ICV ™ Box skin and appropriately “freeze®
in the sand. The conditions modelled herein represent deviations from those expected
during normal operating conditions at DBVS.

1.2 SCOPE

This calculation determines the ICV Box temperature profile from the inside refractory
layer to the outer box skin for varying critical me!t parameters and conditions external
to the box (e.g., melt temperature, air temperature external to the box, properties of
insulating sand, and external convection coefficient) using the heat transfer model
developed in References 1 & 2. ICV box bottom and sidewall skin temperatures and
the location of the isotherm at which leaking glass will *freeze” in the sand is reported
for postulated conditions of glass “leaks” from the 60PC castable refractory. These
cases are compared to the baseline case where no glass leaks from the castable
refractory. The external environment used in the calculations for the DBVS ICV Box is
based on bounding worst estimates of conditions in the DBVS melt area. The ICV
Box lid temperature and heat transfer from the ICV box through the melt area
supports, or curbs, (see drawing F-145579-00-B-0025) to the melt area concrete are
treated in separate calculations.

Typed names/dates In this box Indicate the cakculaiion has been sioned ofifapproved and the originals have been placed In the Project fies.
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2 BASIS

2.1 DESIGN INPUTS

1.

2.

Configurations modelled (based on design drawings F-145579-35-D-0004 and
-0016, see Attachment 2).

a. Side wall: 6" 60PC castable refractory , 6" Sand, box skin

b. Bottom: 6" 60 PC castable refractory, 8" Sand and 8" Refractory Brick (same
layer in alternating columns on bottom), box skin, 6*x 6" HSS member. [Note
that the HSS is not modelled in Attachment #1, which is conservative for heat
{ransfer away from the box surface.]

¢. Tube steel vertical stiffeners and box bottom stiffeners are not included in the
analysis. References 1 and 2 show that worst case box skin temperatures are
calcutated when the tube steel exoskeleton is not included in the model.

d. Shield walls around the melt area (see Drawing F-145579-00-B-0020). Meit
area concrete slab (see Drawing F-145579-00-D-0041). These are included in
the model as surfaces that can radiate back to the ICV box and also foerm, with
the steel support structure shown on Drawing F-145579-00-D-0041, a confined
area that limits natural convection.

Heat transfer model input specifics are discussed in Attachment 1.

2.2 ASSUMPTIONS

Glass properties used in this analysis are for Low Activity Waste glass simulants
developed for Hanford Tank Waste and are believed to be representative of the
properties for the DBVS glass product. As data for the DBVS glass product become
available, the properties can be compared to those used in this analysis to determine
if the analysis is bounding.

The concrete surface temperature used in the analysis Is an estimated worst case and

not based on the results from a separate analysis, This analysis uses the same
concrete surface temperature for the concrete slab and the shield walis. The impact
from this assumption is a condition external to the ICV box that is estimated to be
more insulating than conditions expected at the DBVS Site for the given design.

Typed namesidates In this box indicate the calculation has been slaned offfapproved and the originals have been placed fn the Project fites.
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3 CRITERIA
1. The “freeze point” isotherm (defined in this analysis as 826°C) does not contact
the box skin,
4 REFERENCES

1. Calculation No. 0513206.01-M-001 AMEC BulkVit 10 Thermal Analysis of the
ICV™ Box Refractory Liner. ARES Corporation. 2005.

2. Calculation No. 0513206.01-M-002 AMEC BulkVit 2D Thermal Analysis of the
ICV™ Box Refractory Liner and “Leaking Glass” Configuration. ARES Corporation.
2005.

5 METHODS
Calculation methods are discussed in Attachment 1.
6 RESULTS AND CONCLUSIONS

Table 5-1 from Attachment 1, Results for the ICV Box Sidewall Heat Transfer
Simulations, Is reproduced below. As shown in the table, the criteria for the freeze
point isotherm is not exceeded for any of the cases run (the Xsz represents the
distance of the freeze point isotherm from the box skin). The nominal operating cases
without leaking glass are shown as Case 3.1 (60PC castable refractory with 110PC
castable refractory backing) and Case 3.2(60PC castable refractory with sand
backing), both of which show skin temperatures more than 250°C below the calculated
worst case (Case 3.3.4) skin temperature in the leaking glass scenario.

As shown in Table 5-1, the melt temperature and the box convective/radiated heat
transfer coefficient are varied to determine the sensitivity of leaking glass penetration
and box skin temperature to these parameters. The results indicate (see Case 3.3.4)
that if glass leaks and the model's side wall heat transfer coefficient is high by a factor

- of 2 for the DBVS box sidewall configuration and the nominal melt temperature is
exceeded by 400°C (~ 30%) in extreme environmental conditions for DBVS, the
leaking glass does not contact the box skin. These results can also be used to bound
the conditions for DBVS operation.

Typed namenidates In this box indicate the talculation has been signed of/approved and the originats have been placed in the Project files.
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Table 5-1. Results for the ICV™ Box Sidewall Heat Transfer Simulations

ol s el Heat '__l’ra_nsfer_ V_“’LeakinglG_las§"_r‘. T
Case | T [0 | T-CC1| Goer | T e |
3.0 1300 100 1x No 5%" 281
3.2 " " ) No 3%" 232
3.3.1 " " " Yes 2%%" 286
332 1500 " " " 1% 342
3.3.3 1700 * " - 5 421
334 ) " 72X " v 557
335 " ) 2x ” %" 313
Notes (1) Sidewall mode! through 110C vertical castable refractory rib backing

(2) Sidewall mode! through sand backing

Table 5-2 from Attachment 1, Results for the ICV Box Bottom Heat Transfer
Simulations, is reproduced below. The resuits for the box bottom analysis also show

that the criterion for the freeze point isotherm is not exceeded for any of the cases run.,

The nominal operating case without leaking glass is shown as Case 4.1 (60PC

castable refractory with 110PC castable refractory and sand *backing®). As with the
sidewall analysis, the nominal case skin temperature was more than 250°C below the
calculated worst case (Case 4.2.4) skin temperature in the leaking glass scenario.

As shown in Table 5-2, the melt temperature and the box convective/radiated heat

Typed names/dates In this bot Indicate the eslcutation has besn signed offfapproved and the orginals have been pliced in the Project fties.

transfer coefficient are varied to determine the sensitivity of leaking glass penetration
and box skin temperature to these parameters. The results indicate (see Case 4.2.4)
that if glass leaks and the model's box bottom heat transfer coefficient is high by a
factor of 2 for the DBVS box bottom configuration and the nomina! melt temperature is
exceeded by 400°C (~ 30%) in extreme environmental conditions for DBVS, the
leaking glass freezes more than 1" from the box bottom skin. These results can also
be used to bound the conditions for DBVS operation.

DATE:
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Table 5-2. Results for the ICV™ Box Bottom Heat Transfer Simulations

Chrnb e e e Heat Transfer | “Leaking Glass”® | e o e
Case™ | Tow ['CT| T[] | Coefficent . | "-Condiion - |y | - Tan
S e R Mltiplier e T ,-_[49]
4.1 1300 100 1x No 5%" 252
4.2.1 " " " Yes 3%" 254
422 1500 ) " " 2%" 340
4,23 1700 " " ) 1%" 3N
424 ) " /ax ) 1% 517
425 " ) 2x " 1%" 299
Typed namenidates In this box Indicate the calculation has baen UIQM_t_!ﬂflppmod and the originais have been placed in the Project files.
onn‘um\g 9 d Z DATE: 2 /‘ 1 /" cnaanzmg e 9 ! ong /19 /&b
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Page No.
CALCULATION COVER SHEET Lof97
CORFORATION Calcutation No: ;
I —_ _ ___10509206.01-M-001
Project No. Project Title: - |Client:
0509206.01 AMEC Demonstration Bulk Vitrification System (DBVS) | AMEC/DMIMH&N
Project Support
Title:
DBVS ICV™ Box Thermal Analysis
Purpose and Objective:

A scries of computational simulations was performed previously to determine the thermal response of a
number of candidate designs for the refractory liner system used in Horn Rapids Test Site (HRTS) In-
Container Vitrification (ICV™) BulkVit containers, The results of those sinulations are presented in
references | & 2. The simulations performed in this calculation build upon the results and methodologies
developed in references 1 & 2 for the purpose of assessing the maximum box surface temperature for the
Demonstration BulkVit System (DBVS) ICV™ containers. The maxinum box skin temperatures predicted in
the calculations presented herein will be factored into the thermal stress considerations of the ICV™ box
structural design. In addition, the refractory liner materials must be designed and configured to *stop™ any
glass that may leak through scams, cracks, or other openings developed in the castable refractory materials
during processing from contacting the steel surfaces of the ICV™ box. The calculations presented herein are
intended to demonstrate that these design constraints will not be violated under a number of normal and off-
normal operation scenarios. The configurations, matcrial choices, and other parameters used in these models
were guided by the results obtained from the spectrum of cases considered in the previous calculations (ref. 1
& 2) perforined for a similar assessment of the HRTS ICV™ box design.

Rev. Total Revision Description Prcpnrcd By Checked By PM/TL
No. Pages tAdd Continuation Sheet If Required) Name/Date Name/Date Approval/Date
0 98 Original P.S. Lowery J. A. Debban S.R, Pierce
[ 97 |Revised to incorporate CHG P.S  Lowery S.R. Picrce S.R. Picree

commenls
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Project No. Calculation No. Rev. | Page No.
0509206.01 0509206.01-M-001 1 .20f97
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N | NA

1. Cover sheets properly completed.
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Calc sheet contents complete per forma. \

Listed attachments inciuded. /

i

Calc objective clearly described.

A Bl Il B

Criteria are suitable and properly referenced 1o task
specific documents.

7. Assumptions and input data described and attached
or referenced to task documents,

8. Cale method identified and appropriate for the
desizn activity.

9.  Calc results reasonable and correctly described in
results and conclusions.

10.  Computer program ilentified with version and
revision.

11, Computer inputfoutput provided or referenced.

12, Computer run raceable to calculation {file ¥. etc.).

13.  Computer input dita within permissible design input
range.

7
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)

7
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[
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14.  Computer program validatiow/verification
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1.0 INTRODUCTION

A series of computational simulations was performed previously to determine the thermal response of a number
of candidate designs for the refractory liner system used in Horn Rapids Test Site (HRTS) In-Container
Vitrification (ICV™) BulkVit containers. The results of those simulations are presented in references 1 & 2.
The simulations performed in this calculation build upon the results and methodologies developed in references
1 & 2 for the purpose of assessing the maximum box surface temperature for the Demonstration BulkVit
System (DBVS) ICV™ containers. The maximum box skin temperatures predicted in the calculations
presented herein will be factored into the thermal stress considerations of the ICVT™ box structural design. In
addition, the refractory liner materials must be designed and configured to “stop” any glass that may leak
through seams, cracks, or other openings developed in the castable refractory materials during processing from
contacting the steel surfaces of the ICV™ box. The calculations presented herein are intended to demonstrate
that these design constraints will not be violated under a number of normal and off-normal operation scenarios.
The configurations, material choices, and other parameters used in these models were guided by the results
obtained from the spectrum of cases considered in the previous calculations {ref. 1 & 2) performed for a similar
assessment of the HRTS 1CV™ box design.

While the ICV™ box refractory lincr system employed at the DBVS is the same as was developed for the
HRTS ICV™ box design, there are differences in the box surroundings that require additional analysis to
determine the adequacy of the design for the DBVS application. In particular, at the HRTS, vertical sidewalls
of the ICV™ boxes were exposed to ambient air conditions. Because the materials being processed at the
DBVS will contain radioactive constituents, the ICV™ boxes will be surrounded by concrete shielding walls on
two sides. As a consequence, the heat losses off the DBVS ICV™™ box sidewalls will be somewhat restricted by
the reflection of radiant heat energy back to the box. Figure 1-t provides an illustration of the [CV™ box
supporting arrangement as deployed at the HHRTS. The configuration to be deployed at the DBVS will be
similar, however. The drawing provided in reference 3 provides plan, elevation, and section views of the
proposed DBVS ICVT™ container and its associated support system. The concrete ecology blocks utilized for
the FIRTS arrangement (illustrated beneath the ICV™ box in Figure 1-1) will be replaced with a steel I-beam
rail arrangement. The box and support rail assembly will be surrounded on two sides by concrete shielding
walls. The drawing identified in reference 14 provides plan and detailed views of the [ICV™ box and shield
wall arrangement.

In addition, one of the initial BulkVit tests performed at the HRTS experienced some leaking glass that
propagated through gaps developed in the castable castable refractory liner materials present in the box. This
glass eroded the sand material between the outboard face of the castable refractory and the steel ICV™ box,
forming slabs of essentially pure glass on the outboard face of the castable. Descriptions and illustrations
depicting these results are provided in reference 4. The presence of this glass and its direct communication with
the glass batch being processed tends to elevate the temperature of the steel ICV™ box surfaces. The glass will
propagate through the sand liner material until the thermal energy conducted to it from the batch melt body is
balanced by losses off the surfaces of the leaking glass. Work performed by Pacific Northwest National
Laboratory (PNNL) has determined that the glass will propagate until its surface reaches a temperature of
826°C (ref. 5). A number of the simulations presented herein are intended to assess the extent of propagation of
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this leaking glass in the vicinity of the ICV™ box vertical and bottom walls of the castable refractory liner
materials during these off-normal conditions.

Figure 1-1. HRTS ICV™ Box and Support System.

The simulations are grouped into two categories in this calculation — those associated with heat loss and glass
propagation through the ICV™ box vertical side walls, and those associated with heat loss and glass
propagation through the ICV™ box bottom wall. Results for the sidewall simulations are presented in Section
3.0. Results for the ICV™ box bottom wall simulations are presented in Section 4.0. Finally, a summary of the
findings and some conclusions are presented in Section 5.0.

2.0 ANSYS® MODEL DEVELOPMENT AND ANALYSIS METHODOLOGY

A finite element model (FEM) incorporating all significant elements of the DBVS ICV™ Box Sidewall and
Bottom was developed with the ANSYS® program (Reference 12), using available design data. The scope for
examining the box sidewall and bottom was to translate the model and analysis results generated for the thermal
response of the HRTS ICV™ box (refs. | & 2) to the DBVS set-up and configuration, and to determine what
affect the “leaking glass™ had on the temperature profile in the DBVS ICV™ box refractory liner system.

The geometry sections of the box sidewall and bottom refractory was modeled in ANSYS® using a combination
of commands and an interactive menu system called the Graphical User Interface (GUI). The GUI feature of
ANSYS® provides the capability to automatically generate complex finite element models. The solid modeling
from the bottom up is defined in terms of keypoints, lines, areas, and elements. The modeling process is
initiated by defining the lowest-order solid model entities; the keypoints. Keypoints are defined within the
currently active coordinate system and are important/key coordinate points to start the modeling.

The members of the assembly are then defined by lines that are defined by connecting these keypoints. Element
types. material properties, and geometrical properties are assigned to the generated lines and areas. The
ANSYS® meshing module automatically maps selected geometric components (e.g. — lines and areas) to
indicated elements. The boundary conditions and loading are assigned after model meshing is complete.

Calculation Sheet: QAP 3.1, Rev 6 (11-15-05)
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2.1  Selection of Element Types

The ICV™ Box Sidewall and Bottom consists of the following primary elements:

1. 60PC Castable Refractory,

2. 110C Castable Refractory,

3. Sand,

4, 4" Steel Lining,

5. “leaking glass” (where applicable}, and

6. Combincd free convection and radiation heat transfer cocfficients.

Tables 2-1 and 2-2 summarize the element types and the material properties of these various components.
These tables arc utilized during the generation of the ICV™ Box Sidewall and Bottom finite element model.
The PLANE 55 element type, 2-D Thermal Solid, is used as a plane element or a plane element with a2-D
thermal conduction capability. The element has four nodes with a single degree of freedom, temperature, at
each node.

Table 2-1. ANSYS® Finite Element Types Used in ICV™ Box Sidewall and Bottom Models.

Element Type Name Element Description
I PLANESS 2-D THERMAL SOLID

The matcerial numbers used in this analysis are for conduction through the medium and the convection off of the
liner. Material numbers vary depending on case number.

Table 2-2. Material Types Used in ICV™ Box Sidewall and Bottom Models.

Material k (Thermal Conducl.ivi-ty) /
Number Description h (Convectioanadlat_lon
Heat Transfer Coefficient)
1 60PC Castable Refractory See Appendices
2 110C Castable Refractory See Appendices
3 Steel Lining Sece Appendices
4.8 Air Conductivity See Appendices
2.5 Sand data See Appendices
3.9 *Leaking Glass™ Thermal Conductivity See Appendices
6 Horizontal Convection See Appendices
4.7 Vertical Convection See Appendices
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2.2  Geometry and Modeling Approach

The FEM generation of the ICV™ Box Sidewall and Bottom was started by defining the coordinates of
keypoints at various locations. The lines were defined from these keypoints. The element type, material
properties, and geometrical properties were assigned to the generated lines. The ANSYS® meshing module
automatically meshed areas into PLANE 55 elements. The boundary conditions and loading were assigned
after model meshing.

23  ANSYS® Verification & Validation

The FEM of the ICV™ Box Sidewall and Bottom was used to determine the temperature change across the
refractory using the ANSYS® computer program. The ANSYS® program has been thoroughly benchmarked
with a set of over 200 verification problems that are provided with the program documentation and verified by
ARES Corporation, as documented in Verification No. VV-05-02-010, ANSYS® Version 10.0 Verification
(Reference 13). For the calculations presented herein, the program was executed on a Dell OptiPlex GX280
computer having Service Tag Number 7VB3W61and ARES ID RL_C0104,

3.0 ICV™BOX SIDEWALL THERMAL ANALYSES

The refractory liner system for the ICV™ box sidewalls is composed of a castable refractory liner, backed by a
layer of sand materials. The system is contained in a steel box. The box has an exoskeleton of 34" x 3%4" x A"
steel tubing running vertically up the sides of the box, spaced at approximately 12" intervals. The castable
refractory liner material is nominally 6" thick and is constructed of RESCO Vibrocast 60PC. A data sheet for
this material is presented in the Appendices. The vertical walls of the castable refractory liner materials are
backed-up by sand. Representative data for this material are also presented in the Appendices. To support the
castable refractory liner sidewalls during construction of the box, columns of RESCO Rescocast! 1 0C castable
refractory are staged at periodic intervals between the outboard surfaces of the 60PC castable and the steel
ICV™ box walls (Data sheets for this material are included in the Appendices). The sand is then backfilled into
the void space between the 60PC castable refractory liner walls, the 110C refractory vertical ribs, and the
ICV™ box steel walls. The exterior surface of the ICV™ box is painted flat black using a product called
Thermaline 4700 manufactured by Carboline. Emissivity data for this paint is provided in the Appendices. The
emissivity data presented is for Carboline 4674. Per Mr. Mike Beckman of Carboline, this is the same product
as the 4700, just an updated product number. A nominal emissivity of 0.6 was assumed for all concrete surfaces
modeled (ref. 6). Correlations for free convection heat transfer were included in the formulation of the net heat
transfer coefficient on the exterior surface of the ICV™ box (ref. 6). The correlation used for combined free
convection and radiative heat transfer are provided in the Appendices for both vertically- and horizontally-
oriented surfaces of the ICV™ box.

The ICV™ box sidewall thermal analyses performed for the HRTS simulations (references 1 & 2) indicated
that the worst-case box skin temperatures were obtained when the heat fin effect of the tube steel exoskeleton is
not included in the model. Consequently, they are not explicitly included in the simulations presented herein.

Calcutation Sheet: QAP 3.1, Rev, 6 (11-15-03)
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For the “leaking glass” cases considered, temperature-dependent thermal conductivity data for representative
glass was included in the model. Presently there is no data for the glasses to be generated by the BulkVit
process. Consequently, a “hybrid” glass data set was generated using thermal conductivity for a LAW glass in
the low-temperature region (reference 7) and data obtained from PNL-4800 (ref. 11) for Hanford soils.

The end walls of the DBVS ICV™ box refractory liner system will involve 60PC backed by refractory M-board
(to accommodate thermal growth during processing) and sand. This configuration is not explicitly modeled
herein as the M-board will reduce the gradient through the outboard materials and, consequently result in lower
box skin temperatures. In the “leaking glass” scenarios, the M-board will not hinder the growth and
progression of the “leaking glass”. Therefore the results obtained with the configurations involving 60PC
castable backed by sand will be representative of the results that could be expected for a “leak™ in the end wall
regions of the melt refractory liner system.

Figure 3-1 presents a schematic of the ICV™ box sidewall for the case when the 60PC castable is backed by
110C castable; Figure 3-2 presents the configuration when it is backed by sand. Both configurations are
analyzed to determine the ICV™ box sidewall temperatures during normal conditions. The leaking glass
scenario can only occur in regions wherein the 60PC is backed by sand, however.

T

concrete

6" 6" R

Figure 3-1. DBVS ICV™ Box Side Wall Model Schematic — in the Vicinity of the 110C Vertical Ribs.
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melt

concrete
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Figure 3-2. DBVS ICV™ Box Side Wall Model Schematic — in the Vicinity of the Sand Backing.

Figure 3-3 presents an illustration of the sidewall configuration modeled in the “leaking glass™ scenarios. In
these scenarios, it is postulated that a horizontally-oriented 1" seam opens-up in the 60PC castable refractory
sidewall, allowing glass to flow into the region occupied by the sand material. The glass “flows™ out toward the
ICV™ box sidewall and up the outboard face of the 60PC castable refractory until the leading face of the
“leaking glass” cools to the “freeze point™ temperature of the glass, 826°C (as specified by PNNL for this glass
composition, ref. 5). The ultimate position of this leading face is determined by the assumed melt, ambient, and
concrete temperatures, the thermal properties of the materials involved in the process, and the convective and
radiative heat losses off the exterior surface of the ICV™ box sidewall. This configuration is intended to mimic
the conditions experienced during the HRTS BulkVit Test 38A and identified n the post-test sampling and

evaluation of the apparatus (ref. 4).
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concrete

Figure 3-3. DBVS ICV™ Box Side Wall “Leaking Glass” Model Schematic.

Seven cases were considered to assess the impact of the “leaking glass™ scenario on the maximum temperature
realized on the [CV™ box surface and the proximity of the leading edge of the “leaking glass™ to the box steel
sidewall. The following sections describe the assumptions and corresponding results for each of these cases.

3.1 Base Case Conditions — 110C Castable Refractory Backing

The configuration modeled for this case is depicted in Figure 3-1. Temperature-dependent thermal conductivity
data for each material was included in the model and is presented in the Appendices. Combined free convection
and radiation heat transfer was modeled off the outside surface of the ICV™ box sidewall. The radiation heat
transfer component assumed an emissivity of 0.8 for the ICV™ box steel and 0.6 for the concrete shield wall.

A temperature of 1300°C was assumed for the melt/60PC interface. This temperature reflects a conservatively
high, but reasonable, estimate of the melt temperature in this region during normal operating conditions. A
conservative, upper-bound temperature of 100°C was assumed for the ambient and concrete surface
temperatures outboard of the ICV™ box. In summary, the conditions modeled for this case were:
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. 2D Model of Box sidewall — Base Case Configuration, No leaking glass
o 1300°C temperature at melt/60PC interface
6" thick 60PC castable refractory
6" thick 110C castable refractory vertical ribs
Hybrid LAW/PNL-4800 glass thermal conductivity properties
Nominal natural convection & radiation on outside box wall — with effect of concrete shield wall
included
" Epox = 0.8
Econcrete = 0.6
o 100°C ambient for both air and concrete surfaces

O Q0 O

The ANSYS® v10.0 computer code was used to compute the temperature distribution in the ICV™ box
refractory liner system under these conditions. Figure 3-4(a) provides an illustration of the location of the
826°C isotherm for this model; a color map of the full-field temperature distribution is presented in Figure 3-
4(b). As the results indicate, the results for the key metrics were:

° Location of the 826°C isotherm ~ 5'%" from box skin
. Maximum Box skin temperature ~ 281°C
ANSYS 10.0 I ANSYS 10.0
HODAL SOLUTION - = BODAL SOLUTION
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Figure 3-4. Temperature Distribution for the ICV™ Box Sidewall Configuration — 110C Refractory

Backing.
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3.2  Base Case Conditions — Sand Backing

The configuration modeled for this case is depicted in Figure 3-2. Temperature-dependent thermal conductivity
data for each material was included in the model and is presented in the Appendices. Combined free convection
and radiation heat transfer was modeled off the outside surface of the ICV™ box sidewall. The radiation heat
transfer component assumed an emissivity of 0.8 for the [CV™ box steel and 0.6 for the concrete shield wall.

A temperature of 1300°C was assumed for the melt/60PC interface. This temperature reflects a conservatively
high, but reasonable, estimate of the melt temperature in this region during normal operating conditions. A
conservative, upper-bound temperature of 100°C was assumed for the ambient and concrete surface
temperatures outboard of the ICV™ box. In summary, the conditions modeled for this case were:

. 2D Model of Box sidewall — Basc Case Configuration, No leaking glass
o 1300°C temperature at melt/60PC interface

6" thick 60PC castable refractory
6" thick sand
Hybrid LAW/PNL-4800 glass thermal conductivity properties
Nominal natural convection & radiation on outside box wall — with effect of concrete shicld wall
included

®*  Ehx = 0.8

*  Eeoncrere = 0.6
o 100°C ambient for both air and concrete surfaces

O 00O

The ANSYS® v10.0 computer code was used to compute the temperature distribution in the ICV™ box
refractory liner system under these conditions. Figure 3-5(a) provides an ilfustration of the location of the
826°C isotherm for this model; a color map of the full-field temperature distribution is presented in Figure 3-
5(b). As the results indicate, the results for the key metrics were:

. Location of the 826°C isotherm ~ 3%" from box skin
. Maximum Box skin temperature ~ 232°C
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Figure 3-5. Temperature Distribution for the ICV™ Box Sidewall Configuration — Sand Backing.
3.3 “Leaking Glass” Scenarios

As discussed in section 3.0, a number of cases were considered to assess the consequences of a horizontal seam
opening in the 60PC refractory allowing a slab of “leaking glass™ to flow and form on the outboard face of the
60PC castable refractory. The configuration modeled is depicted in Figure 3-3. The leading face of the
“leaking glass” region was adjusted in the model until it coincided with the location of the 826°C isotherm. The
results obtained from a number of conditions are presented in this section. These results reflect variations in the
assumption of the temperature of the melt at the melt/60PC interface, and modifying the combined heat transfer
coefficient on the surface of the ICV™ box by factors of %2 and 2.

3.3.1  1300°C Melt/60PC Interface Conditions
The configuration modeled for this case is depicted in Figure 3-3. The conditions modeled were:

. 2D Model of Box sidewall — “Leaking Glass™ Scenario
o 1300°C temperature at melt/60PC interface
o 6" thick 60PC castable refractory
o 6" thick sand
o Hybrid LAW/PNL-4800 glass thermal conductivity properties
o Nominal natural convection & radiation on outside box wall — with effect of concrete shield wall
included
By T 0.8
Econcrete = 0.6
100°C ambient for both air and concrete surfaces

@)
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The ANSYS® v10.0 computer code was used to compute the temperature distribution in the ICV™ box
refractory liner system under these conditions. Figure 3-6(a) provides an illustration of the location of the
826°C isotherm for this model; a color map of the full-field temperature distribution is presented in Figure 3-
6(b). As the results indicate, the results for the key metrics were:

. Location of the 826°C isotherm ~ 2%" " from box skin
Maximum Box skin temperature ~ 286°C

826°C

Glass Sleb Sidevall Nodel - Caze 3.3.1

(a)

Figure 3-6. Temperature Distribution for the ICV™ Box Sidewall Configuration — 1300°C “Leaking
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3.3.2 1500°C Melt/60PC Interface Conditions

The configuration modeled for this case is depicted in Figure 3-3. The conditions modeled were:

. 2D Model of Box sidewall — “Leaking Glass™ Scenario
o 1500°C temperature at melt/60PC interface

6" thick 60PC castable refractory

Hybrid LAW/PNL-4800 glass thermal conductivity properties
Nominal natural convection & radiation on outside box wall — with effect of concrete shield wall

o}
o 6" thick sand
o
o

included
B Ehox = 0.8
EL‘OI‘ICTL‘IC == 0’6

o 100°C ambient for both air and concrete surfaces
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The ANSYS® v10.0 computer code was used to compute the temperature distribution in the ICV™ box
refractory liner system under these conditions. Figure 3-7(a) provides an illustration of the location of the
826°C isotherm for this model; a color map of the full-field temperature distribution is presented in Figure 3-
7(b). As the results indicate, the results for the key metrics were:

° Location of the 826°C isotherm ~ 1%4" " from box skin
Maximum Box skin temperature ~ 342°C
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Figure 3-7. Temperature Distribution for the ICY™ Box Sidewall Configuration — 1500°C “Leaking

Glass”.

3.3.3 1700°C Melt/60PC Interface Conditions

The configuration modeled for this case is depicted in Figure 3-3. The conditions modeled were:

. 2D Model of Box sidewall — “Leaking Glass™ Scenario
o 1700°C temperature at melt/60PC interface

6" thick 60PC castable refractory
6" thick sand
Hybrid LAW/PNL-4800 glass thermal conductivity properties
Nominal natural convection & radiation on outside box wall — with effect of concrete shield wall
included

" Epox = 0.8

" Econcrete = 0.6
o 100°C ambient for both air and concrete surfaces

QO 0 Q0
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The ANSYS® v10.0 computer code was used to compute the temperature distribution in the ICV™ box
refractory liner system under these conditions. Figure 3-8(a) provides an illustration of the location of the
826°C isotherm for this model; a color map of the full-field temperature distribution is presented in Figure 3-
8(b). As the results indicate, the results for the key metrics were:

. Location of the 826°C isotherm ~ %" from box skin
. Maximum Box skin temperature ~421°C
o | ANSYS 10.0 3 ARSYS 10.0
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Figure 3-8. Temperature Distribution for the ICV™ Box Sidewall Configuration — 1700°C “Leaking

Glass”,
3.3.4 1700°C Melt/60PC Interface Conditions; Reduced surface heat transfer coefficient

The configuration modeled for this case is depicted in Figure 3-3. The configuration is similar to the one
presented in Section 3.3.3. In this case however, the net heat transfer coefficient used to compute the combined
convective and radiative heat losses off the ICV™ box external sidewall was reduced by a factor of 2 to assess
the sensitivity of the results to variations in this parameter. The conditions modeled were:

e 2D Model of Box sidewall — “Leaking Glass™ Scenario
o 1700°C temperature at melt/60PC interface
6" thick 60PC castable refractory
6" thick sand
Hybrid LAW/PNL-4800 glass thermal conductivity properties
Y2 X nominal natural convection & radiation on outside box wall — with effect of concrete shield
wall included

B Epx = 0.8

ECGRCFE!L‘ o 0'6

o 100°C ambient for both air and concrete surfaces

O QO O
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The ANSYS® v10.0 computer code was used to compute the temperature distribution in the ICV™ box
refractory liner system under these conditions. Figure 3-9(a) provides an illustration of the location of the
826°C isotherm for this model; a color map of the full-field temperature distribution is presented in Figure
3-9(b). As the results indicate, the results for the key metrics were:

. Location of the 826°C isotherm ~ '4" from box skin
» Maximum Box skin temperature ~ 557°C
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Figure 3-9. Temperature Distribution for the ICY™ Box Sidewall Configuration — 1700°C “Leaking
Glass”; Reduced ICV™ Box Surface Heat Transfer Coefficient.

3.3.5  1700°C Melt/60PC Interface Conditions; Increased surface heat transfer coefficient

The configuration modeled for this case is depicted in Figure 3-3. The configuration is similar to the one
presented in Section 3.3.3. In this case however, the net heat transfer coefficient used to compute the combined
convective and radiative heat losses off the ICV™ box external sidewall was increased by a factor of 2 to
assess the sensitivity of the results to variations in this parameter. The conditions modeled were:

. 2D Model of Box sidewall — “Leaking Glass™ Scenario
o 1700°C temperature at melt/60PC interface
6" thick 60PC castable refractory
6" thick sand
Hybrid LAW/PNL-4800 glass thermal conductivity properties
2 X nominal natural convection & radiation on outside box wall — with effect of concrete shield
wall included

" Ehox = 0.8

Econerete = 0.6

o 100°C ambient for both air and concrete surfaces

0O 00 0
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The ANSYS® v10.0 computer code was used to compute the temperature distribution in the ICV™ box
refractory liner system under these conditions. Figure 3-10(a) provides an illustration of the location of the
826°C isotherm for this model; a color map of the full-field temperature distribution is presented in Figure
3-10(b). As the results indicate, the results for the key metrics were:

: B W .
° Location of the 826°C isotherm ~ 74" from box skin
. Maximum Box skin temperature ~ 313°C
o | AMSYS 16,0 i ANSYS 10.0
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Figure 3-10. Temperature Distribution for the ICV™ Box Sidewall Configuration — 1700°C “Leaking
Glass”; Increased ICV™ Box Surface Heat Transfer Coefficient.

40 ICV™ BOX BOTTOM THERMAL ANALYSES

Similar to the ICV™ box sidewalls, the [CV™ box bottom refractory liner region is composed of an array of
castable refractory floor slabs, resting on a composite layer of castable refractory support blocks. The region
between refractory support blocks is filled with sand. The floor slabs make-up the bottom of the melt castable
refractory liner, and are composed of 6" thick RESCO Vibrocast 60PC slabs that are joined with a half-lap seam
between slabs. The joints in each seam are slathered with a layer of refractory “mud™ during construction to
cement them together and seal any gaps. The refractory support blocks are 5" wide by 8" tall, and are
composed of RESCO Rescocast | 10C. The data sheets containing compositional and property data for both of
these RESCO products is provided in the Appendices. The regions occupied by sand are 9" wide by 8" tall.
The bottom surfaces of the 1 10C support blocks and sand rests on the ICV™™ steel box bottom. The outer
surface of the box bottom is ribbed with 6" x 6" x 4" tube steel, spaced approximately 12" on-centers. The
tubes run across the 8' width of the box. The outer surface of the ICV™ box bottom is painted with the
Carboline Thermoline 4700 flat black product. Again, all the property data relevant to the thermal analyses
performed for this calculation is presented in the Appendices. The correlations and associated numerical data

Caleulation Sheet: QAP 3,1, Rev. 6 (11-13-03)
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used to model convective and radiative heat transfer off the ICV™ box bottom is also presented in the
Appendices.

As for the sidewall analyses, for the box bottom “leaking glass™ cases considered, temperature-dependent
thermal conductivity data for representative glass was included in the model. The “hybrid”
glass data generated for the sidewall analyses was also used in these cases. This data is presented in the

Appendices.

The ICV™ box bottom thermal analyses performed for the HRTS simulations (references 1 & 2) indicated that
the worst-case box skin temperatures were obtained when the heat fin effect of the tube steel exoskeleton is not
included in the model. Consequently, they are not explicitly included in the simulations presented herein.

Figure 4-1 presents a schematic diagram of the ICV™ box bottom model used in these analyses.

4" Steel

T2 LT AT BT AT AT T T AT TTH

Tw / thnc

Figure 4-1. ICV™ Box Bottom Model Schematic.

For the ICV™ box bottom “leaking glass™ scenarios, the configuration modeled is as depicted in Figure 4-2.
As with the “leaking glass™ model used for the ICV™ sidewall analyses, a 1" wide seam was assumed to open-
up in the 60PC floor slabs to allow direct communication between the melt and the sand region below. The
thickness of the “leaking glass™ region in the refractory slab was determined by the assumed temperatures for
the melt at the melt/60PC interface, the thermal properties of the various materials present in the ICV™ box
bottom region, and the heat transfer coefficients used to represent convective and radiative heat losses from the
exterior steel surface of the [CV™ box bottom and its surrounding environment. The “leaking glass™ will
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propagate into the sand until the leading edge of the slab coincides with the location of the 826°C isotherm in
that region. As indicated in Figure 4-2, xg6 represents the distance between exterior surface of the ICV™ box

bottom and the leading edge of the “leaking glass” slab.

'

4" Steel

Figure 4-2. ICV™ Box Bottom Model Schematic — “Leaking Glass” Scenario.

Six cases were considered to assess the impact of the “leaking glass™ scenario on the maximum temperature
realized on the ICV™ box bottom surface and the proximity of the “leaking glass™ to the box bottom steel. The
following sections describe the assumptions and corresponding results for each of these cases.

4.1 Base Case Conditions

The configuration modeled for this case is depicted in Figure 4-1. Temperature-dependent thermal conductivity
data for each material was included in the model and is presented in the Appendices. Combined free convection
and radiation heat transfer was modeled off the outside surface of the ICV™ box bottom. The radiation heat
transfer component assumed an emissivity of 0.8 for the ICV™ box steel and 0.6 for the concrete floor. A
temperature of 1300°C was assumed for the melt/60PC interface. This temperature reflects a conservatively
high. but reasonable, estimate of the melt temperature in this region during normal operating conditions. A

Calculation Sheet: QAP 3.1, Rev. 6 (11-13-03)
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conservative, upper-bound temperature of 100°C was assumed for the ambient and concrete surface
temperatures outboard of the ICV™ box. In summary then, the conditions modeled for this case were:

° 2D Model of Box bottom — Base Case Configuration, No Leak
o 1300°C temperature at melt/60PC interface
o 6" thick 60PC castable refractory
o 8"tall by 9" wide sand; 8" tall by 5" wide 110C castable refractory supports (split to center the
sand region on the model’s vertical centerline)
o Nominal natural convection & radiation on bottom box wall — with effect of concrete floor
included
" g =0.8
Econcrete = 0.6
o 100°C ambient for both air and concrete surfaces

The ANSYS® v10.0 computer code was used to compute the temperature distribution in the ICV™ box
refractory liner system under these conditions. Figure 4-3(a) provides an illustration of the location of the
826°C isotherm for this model; a color map of the full-field temperature distribution is presented in Figure
4-3(b). As the results indicate, the results for the key metrics were:

s s 2
o Location of the 826°C isotherm ~ 5%" from box bottom
. Maximum Box skin temperature ~ 252°C
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Figure 4-3. Temperature Distribution for the ICV™ Box Bottom Configuration.
4.2 “Leaking Glass” Scenarios

A series of five cases were considered to assess the impact of the “leaking glass™ scenario on the maximum box
skin temperature and the proximity of the leading edge of the “leaking glass™ slab to the ICV™ box bottom
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steel wall. The configuration modeled in these cases is depicted in the model schematic presented in Figure 4-2.
The cases considered variations on the assumed temperature at the melt/60PC interface and the sensitivity to
the heat transfer coefficient used to model convective and radiative losses off the bottom of the ICVT™ box. As
was done for the ICV™ box sidewall cases, the combined surface heat transfer coefficient was modified by

factors of 2 and 2 in this sensitivity study.
4.2.1  1300°C Melt/60PC Interface Conditions

The conditions modeled for this case were as follows:

. 2D Model of Box bottom
o 1300°C temperature at melt/60PC interface

6" thick 60PC castable refractory
8" thick sand; 8" 110C castable refractory supports
Hybrid LAW/PNL-4800 glass thermal conductivity properties
Nominal natura! convection & radiation on bottom box wall - with effect of concrete floor
included

" Eoox=0.8

*  Econcre = 0.6
o 100°C ambient for both air and concrete surfaces

000

The ANSYS® v10.0 computer code was used to compute the temperature distribution in the ICV™ box
refractory liner system under these conditions. Figure 4-4(a) provides an illustration of the location of the
826°C isotherm for this modcl; a color map of the full-field temperature distribution is presented in Figure
4-4(b). As the results indicate, the results for the key metrics were:

. Location of the 826°C isotherm ~ 3%" from box bottom
. Maximum box skin temperature ~ 254°C
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Figure 4-4. Temperature Distribution for the ICV™ Box Bottom Ceonfiguration — 1300°C “Leaking
Glass”.

4.2.2 1500°C Melt/60PC Interface Conditions
The conditions modeled for this case were as follows:

s 2D Model of Box bottom
o 1500°C temperature at melt/60PC interface

6" thick 60PC castable refractory
8" thick sand; 8" 110C castable refractory supports
Hybrid LAW/PNL-4800 glass thermal conductivity properties
Nominal natural convection & radiation on bottom box wall — with effect of concrete floor
included

® g = 0.8

= Econcrete = 0.6
o 100°C ambient for both air and concrete surfaces

Q6.0 0

The ANSYS® v10.0 computer code was used to compute the temperature distribution in the ICV™ box
refractory liner system under these conditions. Figure 4-5(a) provides an illustration of the location of the
826°C isotherm for this model; a color map of the full-field temperature distribution is presented in Figure
4-5(b). As the results indicate, the results for the key metrics were:

. Location of the 826°C isotherm ~ 2%" from box bottom
“ Maximum box skin temperature ~ 340°C
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Figure 4-5. Temperature Distribution for the ICV™ Box Bottom Configuration — 1500°C “Leaking

Glass”.
473 1700°C Melt/60PC Interface Conditions
The conditions modeled for this case were as follows:

. 2D Model of Box bottom
o 1700°C temperature at melt/60PC interface

6" thick 60PC castable refractory
8" thick sand; 8" 110C castable refractory supports
Hybrid LAW/PNL-4800 glass thermal conductivity properties
Nominal natural convection & radiation on bottom box wall — with effect of concrete floor
included

" Ehox — 0.8

" Econcreic = 0.6
o 100°C ambient for both air and concrete surfaces

g 00 0

The ANSYS® v10.0 computer code was used to compute the temperature distribution in the ICV™ box
refractory liner system under these conditions. Figure 4-6(a) provides an illustration of the location of the
826°C isotherm for this model; a color map of the full-field temperature distribution is presented in Figure
4-6(b). As the results indicate, the results for the key metrics were:

. Location of the 826°C isotherm ~ 1%" from box bottom
. Maximum box skin temperature ~ 391°C
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Figure 4-6. Temperature Distribution for the ICV™ Box Bottom Configuration — 1700°C “Leaking

Glass”.
4.2.4 1700°C Melt/60PC Interface Conditions; Reduced surface heat transfer coefficients
The conditions modeled for this case were as follows:

> 2D Model of Box bottom
o 1700°C temperature at melt/60PC interface
6" thick 60PC castable refractory
8" thick sand; 8" 110C castable refractory supports
Hybrid LAW/PNL-4800 glass thermal conductivity properties
'4 X nominal natural convection & radiation on bottom box wall — with effect of concrete floor
included
* Epox=0.8
Econcrete = 0.6
o 100°C ambient for both air and concrete surfaces

.5 8L B o

The ANSYS® v10.0 computer code was used to compute the temperature distribution in the ICV™ box
refractory liner system under these conditions. Figure 4-7(a) provides an illustration of the location of the
826°C isotherm for this model; a color map of the full-field temperature distribution is presented in Figure 4-
7(b). As the results indicate, the results for the key metrics were:

B Location of the 826°C isotherm ~ 1%" from box bottom
Maximum box skin temperature ~ 517°C
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Figure 4-7. Temperature Distribution for the ICV™ Box Bottom Configuration — 1700°C “Leaking
Glass”; Reduced ICV™ Box Surface Heat Transfer Coefficient.

The conditions modeled for this case were as follows:

® 2D Model of Box bottom
o 1700°C temperature at melt/60PC interface

6" thick 60PC castable refractory
8" thick sand; 8" 110C castable refractory supports
Hybrid LAW/PNL-4800 glass thermal conductivity properties
2 x nominal natural convection & radiation on bottom box wall — with effect of concrete floor
included

" Ehox = 0.8

" Econcrete = 0.6
o 100°C ambient for both air and concrete surfaces

QO 0.0 0

The ANSYS” v10.0 computer code was used to compute the temperature distribution in the ICV™ box
refractory liner system under these conditions. Figure 4-8(a) provides an illustration of the location of the
826°C isotherm for this model; a color map of the full-field temperature distribution is presented in Figure
4-8(b). As the results indicate, the results for the key metrics were:

. Location of the 826°C isotherm ~ 1%" from box bottom
. Maximum box skin temperature ~ 299°C
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Figure 4-8. Temperature Distribution for the ICV™ Box Bottom Configuration — 1700°C “Leaking
Glass”; Increased ICV™ Box Surface Heat Transfer Coefficient.

5.0 CONCLUSIONS

A series of simulations were performed to evaluate the thermal performance of the ICV™ box side and bottom
regions under base case and “leaking glass™ scenarios. The simulations considered the sensitivity of the
maximum box skin temperature and proximity of the “leaking glass™ front to the box surface to variations in
assumed melt temperature at the melt/60PC interface and the heat transfer coefficient used to model convective
and radiative heat losses from the ICV™ box surface to the surroundings. The results are summarized in Table
5-1 for the ICV™ box sidewall simulations and Table 5-2 for the ICV™ box bottom simulations.

These results indicate that, under normal operating conditions, a maximum ICV™ box sidewall skin
temperature of approximately 280°C would occur in the vicinity of the vertical castable refractory ribs. Under
off-normal conditions, when a seam has opened in the 60PC castable refractory slabs allowing molten glass to
propagate into the sand layer between the 60PC melt castable refractory liner and the ICV™ box sidewall, the
peak ICV™ box skin temperature would be approximately 286°C, and the “leaking glass™ front would
propagate through the sand layer and approach to within 2%" of the ICV™ box skin. In the extremely off-
normal condition of a melt/60PC interface temperature of 1700°C, the maximum box skin temperature increases
to 421°C and the leading edge of the “leaking glass™ approaches to within %" of the ICV™ box steel skin.
Even under these extremely severe assumptions, the molten material is still contained within the sand layer. As
an indication of the conservatism imposed in the analysis, if the heat transfer coefficients are reduced by a
factor of two, the ICV™ box sidewall temperature increases to 557°C. Under these conditions, the “leaking
glass™ front approaches to within /2" of the ICV™ box steel skin. These conditions are still within the design
limits of the box.
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The results obtained from simulations of the ICVT™ box bottom region indicate a maximum surface temperature
of approximately 250°C under normal operating conditions (assuming a melt/60PC interface temperature of
1300°C). In the assumed off-normal condition wherein a seam opens-up in the 60PC castable refractory floor
slabs of the melt castable refractory liner, the maximum box surface temperature increases slightly to
approximately 255°C. The leading edge of the “leaking glass™ melt slab propagates through the sand layer
beneath the 60PC floor slabs to within 3%" of the ICV™ box steel skin. In the extremely off-normal condition
of 2a melt/60PC interface temperature of 1700°C, the ICV™ box bottom temperature increases to 391°C and the
leading edge of the “leaking glass™ approaches to within 1%4" of the ICV™ steel box skin. Even under these
extremely severe assumptions, the molten material is still contained within the sand layer. As an indication of
the conservatism imposed in the analysis, if the heat transfer coefficients are reduced by 2 factor of two, the
ICV™ box bottom temperature increases to 517°C and the leading edge of the “leaking glass™ approaches to
within 1%4" of the ICV™ steel box bottom. These conditions are still within the design limits of the box.

In summary then, these results indicate that a melt castable refractory liner composed of 6" thick RESCO
VIBROCAST 60PC, backed-up by 6" of sand and/or 6" thick vertical support ribs composed of RESCO
RESCOCAST 110C is sufficient to contain the melt, even under off-normal “leaking glass” conditions in which
a 1" wide seam opens-up in the sidewalls of the 60PC castable refractory liner. Similarly, the 6" thick RESCO
VIBROCAST 60PC material used to form the floor of the melt castable refractory liner, backed-up by an 8"
thick layer of either RESCO RESCOCAST [10C support blocks or 8" of sand is sufficient to contain the melt,
even under off-normal “leaking glass™ conditions in which a 1" wide seam opens-up in the floor of the 60PC-
lined melt castable refractory liner.

Table 5-1. Results for the ICVT™ Box Sidewall Heat Transfer Simulations

‘ C | T | Tw ] Heat Tra_n_sfer.'_: ﬁpeakjng- F}lass_”‘ C T Tokin -
-Lase ra.l rc | “Cocfficient | -~ Condition - | X8 “C)
e D s Multiplier o f e o e
3.0 1300 100 1x No 5%" 281
3.2{2} " ™ " NO 33/‘0' 232
3.3.1 " " " Yes 24" 286
332 1500 " " " 1%" 342
333 1700 " " " " 421
334 " " Vax " " 557
3.3.5 " " 2x " " 313

Notes: (1) Sidewall modecl through 110C vertical castable refractory rib backing
(2) Sidewall model through sand backing
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T ?-.._'f‘__ Tmn - Heat Transfer HLeaking Glass” .

,C}Se Coefficient :; [0 Condmon

L Multiplier 7, |2 )
4.1 1x No 5%" 252

421 " " " Yes A" 254

4.2.2 1500 " " " 2%" 340

423 1700 " . " " 14" 391

424 " " ¥ax " 14" 517

42.5 " " 2x " %" 299
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APPENDIX A

CONVECTION RADIATION HEAT TRANSFER CORRELATIONS

COMBINED FREE CONVECTION & RADIATION HEAT TRANSFER COEFFICIENT
CORRELATION - HORIZONTAL SURFACE

olri -1,

() (=)o

hy=Cy [Ta —Tw]" +

where:  C,;=0.691
n=1%
Tg = Box Surface Temperature, °K
T = Ambient Air Temperature, °K
Tionc = Concrete Surface Temperature, °K
o = Stefan-Boltzmann Constant, 5.67x10°® W/m?-°K*
£p = Emissivity of the painted ICV™ box surface, 0.8
Econc = Emissivity of the concrete surface, 0.6

With Teone = T = 100°C, this yiclds:

|
&
73 [°C] [W/m'-C}
100 6.1
Combined Free Convection & Radiation Heat Transfer 125 38
Horizontal Surface Orentation 150 10.0
50 r— — —T T 173 11.2
I T I E] I S BE [NRLETIS B BT SR 200 12.3
45 - - e P See— 75 134
40 == o 250 14.6
b~ 275 158
R ywrars 300 17.1
O g yon 325 185
ve! . B 350 199
§ 25 1= . 375 214
20 - . 400 23.0
& Gty 425 246
154 " 450 263
5 ﬂ o s 00 30,1
) AN -.-p'._'gz.,_:;_-;,i A R 525 321
0 - — - — T e — 350 342
100 200 300 400 500 600 575 36.4
600 38.7
Temperature [°C]
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COMBINED FREE CONVECTION & RADIATION HEAT TRANSFER COEFFICIENT
CORRELATION - VERTICAL SURFACE

by =Colla-Tu]'+ ofri 1]

(BT

where: Cp=1.312
n=%
T = Box Surface Temperature, °K
T = Ambient Air Temperature, °K
Teonc = Concrete Surface Temperature, °K
o = Stefan-Boltzmann Constant, 5.67x10* W/m?-°K*
£s = Emissivity of the painted ICV™ box surface, 0.8
€conc = Emissivity of the concrete surface, 0.6

With Teane = T = 100°C, this yields:

TSCC | wmieqy
100 6.1 Combined Free Convection & Radiation Heat Transfer
125 10.6 Vertical Surface Onentation
150 12.3 50 - - :
175 13.8 L e e e R
200 15.2 3
225 16.5
250 17.9
275 19.3
300 208
325 22.3
350 _23.8
375 254
400 27.1
425 _ 289
450 30.7
475 12.6 100 200 300 400 500 600
500 347 Temperature ['C)
525 36.8
550 39.0
575 41.3
600 43.7
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RESCO Products Inc. VIBROCAST 60 PC (Reference 8)

[
RESCO'

PRODCCTS INC.

Vibratables

Product Data
VIBROCAST 60PC

VIBROCAST 60PC is a sixty percent alumina, mullite based, pumpable, 3100°, low-cement
castable designed to provide minimum porosity and fow linear change with maximum density
and high fired strengths. This material will withsland severe high lemperature corrosive and
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erosive environmenis.
xim rvi mperature; 3J100°F (1700°C)

Bulk Density:

220°F (105°C) 163 b/ (2608 kg!m-")
1500°F (815°C) 160 W/ft* (2560 kg/m?)
Porosity:
1500°F {815°C) 17%
Cold Crushing Strenqth:
1500°F { 815°C) 10000-14000 psi {700-980 kg/em?)
2500°F {1370°C) 11000-15000 psi (770-1050 kg/em?)
2910°F {1600°C) 11000-15000 psi (770-1050 kg/cm?)

Modulus of Rupture:
1500°F ( 815°C)

2500°F {1370°C)
2910°F {1600°C)

Permanent Linear Chanqe(%]:

1400-2000 psi (98-140 kglcm?)
1500-2100 psi {105-147 kg/cm?)
1500-2100 psi (105-147 kg/em?)

- 1500°F { 816°C) -0.1 10 -0.3
2500°F (1370°C) Q0 to -03
2910°F {1600°C) +(.4 to +0.8

Erosion Loss:
1500°F {815°C)

Conductivity or "K"™ Factor:

Less than 9.0 cc
{Typical Loss:4 -6 cc)

Mean Temp. BTWAYHR FAN WimK
1000°F { 540°C) 10.0 144
15C0°F { 815°C) 100 1.44
2C00°F {1095°C) 10.0 144
ical Chami nal %)
Q2 Fes0y TiOs Ca0Q Other

60.8 345 10 1.8 16 0.3
Standard Packaqing: 72-551b. bags per pallel
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RESCO Products Inc. RESCOCAST 110C (Reference 8)

Extreme Service Castables RESCO

PRODUCTR INE.
Product Data

RESCOCAST 140C

RESCOCAST 110C s a casting grada refractory that combines strength and abrasion
resistant qualities with fow thermal conductivity. Rescocast 110C Is the product of cholce
when bolh performance and Insulation is dasked In a single product

Maximum Service Temperature: 2400°F (1315°C)
Bulk Depsity:
220°F (105°C) 117 bt (1870 kg/m?)
1500°F {815°C) 110 In:3 (1760 kg/m?)
Cold Crushing Strength:
1500°F ( 813°C) 5000-0000 psi {350-630 kg/cn?)
Moduttes of Rupture:
1500°F { 815°C) 800-1200 ps! (56-84 kg'em?)
Permanent Linear Chanqge(%):
1500°F { £15°C) 0010-0.3
Erosfon Loss:
1500°F ( 815°C) Lessthan 12 ¢cc
Typlcal 9-11c¢cc
Conductivity or “K" Factor;
Mean Temp. BTUAH Frin WImK
1000°F ( 540°C) 6.0 0.86
1500°F { 815°C) 5.4 0.78
AhO3 SI0, Fez0y Cao MgO TIO; Alkalies
43.9 43.5 1.8 9.1 0.3 0.8 0.6

Standard Packaging 72 - 55 Ib. bags per pallct
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Steel Thermal Conductivity (Reference 9, Table A-19)

Tcmperature k(’l‘hcrmal Conductmty)
L Pee) e -[W/m-°K] .

127 56.7

327 48

527 39.2

727 30

Representative Thermal Conductivity Data for Sand Liner Material

- Tem perature | k(Thermal Conductivity)
_fcr . [WmeK]
25 0.17
200 0.25
300 0.285
600 0.38
1000 0.55
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CARBOLINE PRODUCT DATA

FAX FROM CARBOLINE COMPANY (carbol@

350 Harley Industrial Court « St Louls, Missourf 63144
Yo __PAT _Lowen,
FAXE: __Goq- que-Loil

From: Mike Rectingr

& LY 72 1 S

3, 08:01

Date: _ /2-{3-05 Time:
# of Pages: Dac. ¥:
i you do nol receive all the pagas indicated plozss call: (314) 644-1000
" | REPLY TO FAX NUMBER )
Btain Labby {314} 6444517
Sales & Marketing 314) 644-1088 Ext. 1-2304
Sales & tdarkating 314) 644-3353
Tectnical Service 314) 644-6383
Cuslomer Sersice 1114) 644464
Corperate Services 314)644-2246
Fireproofing/OEM Divkslen 314) 544-1080 Exl. 12344
Color Lab 314) 644-1080 Ext. 1-246% °
\__ | New Drlaans 504) 7343120

TooT Retear  TFa880a.

COKFIDESTAUTY BOTE: This message fs priviieged and coridentid and inended solaly Tor the Indi-
vidizl or sty 1 Wi ch ilis addrassed. Yeu are harsby noliied thet any Lrguthoced use, bimpering discloie,
diatution, orcopying of s Message by you 05 any employee 0c agent b sticty prottbined and may subjct you
hoapproxrtae civl and criminatprocesdings. you Rave recebved Ris massage i ertor, pleass conkect us
immediately 21 314-544- 1000, o rrium this message teough The U S Postal Service.

o

e FOBB e A

r03Cprt pB3

Calculation Sheet: QAP 3.1, Rev, 6 {11-15-03)

A6-163



RPP-24544 REV 1¢
145579-D-CA-001 Revision 2 Attachment 1

-
ARES CALCULATION SHEET
Project No. 0509206.01 Calculation No. 0509206.01-M-081 Rev.No, | Page No. 41 of 97
Title: DBVS ICV™ Box Thermal Analysis
Prepared By: P.S. Lowery l Date: 3/20!‘067 Checked By: S.R. Pierce Date: 3/20/06

CARBOLINE PRODUCT DATA

e TR S6 HAE ST BT R0 T e YT
o R ~"9483507
A ATTACHAENT
C . Page ) of 3
MOOIGL A4
~
o
©
Loe]
R
:ﬂ

Emittance ol ﬂvg Test Coupons
[
vieatinghouss Hamlord Company

Westinghouna Purchase Ordor Number MAM-SVV-407028
THW Salez Number 63450.4

Alay 1994
LR Kelloy
Riaff Fngnaar,
Tharmal Reseuwch and
Devexspmant Camet
AW Spacs and Elactronics Grovp
T One Park

Nedordo Beach, €A 90278 -

Calculation Sheet: QAP 3.1, Rev. 6 (11-13-03)
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CAR NE PROD DA

e B2ZBASOL _18:30 FAX JL4 BUL 4083 CARNOLING Qoos
-l .;.-:; a o} T §451507
% . ATTACRMENT
-l Page 2 of 3

Emittance ¢! Five Wastinghousa Hanford Tamt Coupons

ROIBODUCTION

Measuraments have baon plﬁom&l at the TRW Thermephysics Laborstary to
daterming the emitance of five I° x 3" 1ainlast stesl coupons costed with Carboine 4674-CR00
black pant, Thess test coupons wers atsigned TRW laboraiory sampls nurbers 115-34 threugh
11994,

HAETHOD OF MEASUREMENT

Valuss of DOMal emAtencs wers detarmined using a CGwr-Ounkle Instruinemd Mod:l
DB100 Wfiocod ReNaciomater’?. This devica measures N total novmal roKeclancs, fa, of o
surface 30 & POAr-T0OM Tmpardture sourcs. The samples arg hemispherically THuminatsd and
near-normally viowed by the nstrumant. The normal emiitance, n, I3 obtained uang the

retallonstdn: ened < pp.

Tho measuromonts were made In sccordance with ASTM Standard €408, and wara
subivcl W the Inetrumont srors described ln Reference 2. The Gicr-Cunkle infrared
Reflectometer has an accurecy bafrer 1han $0.02 emianco units.

Hornispnerical emintanca, By, wits Caloutated dinoctly from normal emittance values using
tha 1 y ancd amp ly dartved comrelalion b ' hamispherical and 1 emissivly
as shown in figura 13-15 of rofarence 3.

+7 pESIATS

Maasurements wece wuada In Ihe ppproximale ¢entor of sach tast coupon. Results of
tho3e moacuromaonts §re as lollows:

Calculation Sheet: QAP 3.0, Rev 6 {11-15-05)
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CARB DUCT DATA
R
s 9453507
. ATTACHRENT
Page 3 of 3
Emitance of Five Catholine 45740900 BDlack Paint Sampies
) Westinghouse AW tomay  Memispherkeal
Sampte Destription Sampis Numbor Ssmple Number  Emitanca®  Ematanes®
Abracivo Blust
1 Cam 4574-CH00 Black 'T 115.94 0.875 0830
Baked i Cure
Morasive Blast
1 Cont 4674-CY00 Beatk #2 11894 0.87g 0.0%
Baked o Cuth
Aorzsiva Blast
1 Coat 4674-C000 Black n 11704 0.875 0.83
Haked io Cure
Abrasive Blast
2 Couts 4674-C900 lack 2 11894 0.082 083,
3akod to Curd
Abeasha Blast
1CoatCarty Zing 11 ;5 119-94 0.833 0.79%
4 Coat 4674-G900 Rlack
Daked fo Cure

*NOTE: Alhough tha Acouracy of the measudng Ingtrumais docs not jusilfy threg significant
figutes the thid digit s roakned, subscripted, b order Lo indicata trends,

REEEREMCES
1. KB Netson, EE. Lueoke, and J.T. Bavane, "A Davice lor (ha Rapad Measurement of
Total Emittance,* L Spazeevafl Backefs 3756 760 {1968).

2. AP, Petit, “Evaluation of Poctable Opticl Propeny Measursment Equipment %o Solar
Soloctive Surface, ASME Peper T7-WASSOL-1, 1977,

3. ERG Edkont, and RN, Crake, Jr., Heat and Masg Jranster, 2nd Ecilon McGraw Hé Book
Company, Now York [1959).

Calculation Sheer: QAP 3.0, Rev, 6 {11-15-05)
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GLASS THERMAL CONDUCTIVITY DATA

Thermal Conductivity of 2 LAW Glass PNL-4800 Thermal Conductivity
as a Function of Temperature for Soil/Melt
(Ref. 7) (Ref. 11)
ropy ) e K ;o { |
T[°C] S| W <eCl - } t !
200 . 1.12 32 T "n{'uur. sl wiEkson -
300 1.14 25| O FUSED SOIL MEASUEwS -
400 1.20 |_ol yalues fatcfuan ]
500 129 Y L L "
600 141 _g , o
700 1.57 . 20 - .
300 176 E | PNL-4800 Data 1
16 . ¢ - -
[ - - o 4t
8 12 . — .
1100 2.52 bt | 1 ) -
1200 2.85 g 17 1
1300 3.20 A T A Y Y O I ]
1400 3.58 T NN 7 SO N |
1500 4.00 ST A OR PO S '
0 3 *U‘IE"'Q 0
o 400 800 1200 1600 2000 %

TEMPERATURE, *C

Calculation Sheet: QAP 3.1, Rev. 6(11-15-03)
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GLASS THERMAL CONDUCTIVITY DATA

HYBRID LAW/PNL-4800 GLLASS PROPERTIES

Temperaure - Thermal -
e C] Conduchvnty
: o] [Wihm-2Cl -
25 1
200 1.12
300 1.14
400 1.2
500 1.29
600 1.41
700 1.57
800 1.76
900 1.98
1000 2.24
1400 10
2000 32

Hybrid LAW/PNL-4800
Glass Thermal Conduct:vntyl

35 l I ! L l I l I I I I }
H 3
30 —t— AW Glass .
25 H —=—PNL-4800
. £
O 9o . ==Hybrid LAW/4800 Glass
£ i /-
2 15 7
10 '
5 ILI
o A0 , o e
0 500 1000 1500 2000 2500
Temperature [°C]

Calculation Shect: QAP 3.1, Rev. 6 (11-15-03)
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APPENDIX C
ANSYS® CASE INPUT LISTINGS
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CASE 3.1: ICV™ BOX SIDEWALL BASE CASE CONDITIONS ~110C CASTABLE REFRACTORY

BACKING

! 2D BulkVit SideWall Heat Trasnfer Simulation

I Leaking Glass (Pure Glass) Scenario - no leaking glass in this base case
I Modeled effect of side concrete shield wall

I e_box = 0.8 {painted with carboline 4700); e_conc =0.6

| Modeled case of 60PC backed by 110C (no sand)

FINISH

Icle

fprep7

ftriad,rbot

fitle, Glass Slab Sidewall Model - Case 3.1

1Set Element Types
ET,1, PLANESS IConduction Area
KEYOPT,1,1.1

ANTYPE,O

TOFFST,273 1Celsius
NSUBST,100
Tunif, 100

1Set Material Properties
ICastable Refractory
MAT,1

MP,KXX,1,1.44

18" Castable Refractory 110 C

Mat.2

MPTEMP
MPTEMP,1,25,540,815,1200,1500
MPDATA Kxx,2,1,1,0.86,0.78,0.668,0.534

IGlass (Hybrid LAW/PNL-4800 Data)
Mat,3

MPTEMP
MPTEMP,1,25,200,300,400,500,600
MPDATA Kxx,3,1,1,1.12,1.14,1.2,1.29,1.41
MPTEMP,7,700,800,900,1000,1400,2000
MPDATA, Kxx,3,7,1.57,1.76,1.98,2.24,10,32

| Combined Free & Radiation Heat Transfer Coefficieitn - Verticat Surface
I Models emissivity of box @ 0.8 & concrete shield walls @ 0.6

t Assumes Tinf = 100°C

MAT 4

MPTEMP

MPTEMP.1, 55, 65, 75, 85, 95, 100

MPDATA hf4,1,0.5,1.0,17,26,38,6.1

MPTEMP,7, 125, 150, 175, 200, 225, 250

A6-170
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MPDATA,Nf,4,7,10.6, 12.3, 13.8, 15.2, 16.5, 17.9
MPTEMP, 13, 275, 300, 325, 350, 375, 400
MPDATA,hf,4,13,19.3, 20.8, 22.3, 23.8, 25.4, 27.1
MPTEMP, 18, 425, 450, 475, 500, 5§25, 550
MPDATA hf 4,19, 28.9, 30.7, 32.6, 34.7, 36.8, 39.0
MPTEMP,25, 575, 600

MPDATA,hf4,25, 41.3, 43.7

IGenerate Keypoints
k1,00
k.2,027200

k.3, 0,3048,0

k5, 0.1524,0

k.6, 0,0.3048

k7, 0.1524,0.3048
k8, 0.2720,0.3048
k.8, 0.3048,0.3048

ICreate Lines
L|1 lsi
L.5.2,
L23,
139
L89
L7.8
L.6.7,
L1.86
L57
L28

1Generate Areas
A1578
AS5287
A2398

'Mesh Areas
type,1
esiz,0.00635
amesh,all

lAssign Materials to Areas
asel ,area,,1

esla

emod,all.mat,1

asel,area, 2
esla
emod,all,mat,2
alls

asel, area,,3
esla
emod,all,mat,2

Calculation Sheet: QAP 3.1, Rev, 6(11-15-05)
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alls

NSEL,S,LOC,X,0.3048 1 right edge
SFALL,CONV,-4,100 | apply convection and ambient 100C
NSELALL

NSEL,S,LOC.X.0 ! select nodes on left side
D.ALL,TEMP,1300 1 apply fixed temp of 1300C
NSELALL

fini
Isolu
SOLVE
FINISH

POSTH
PRNSOL,TEMP I PRINT NODAL TEMPERATURES
prnsol.temp I List Temperatures at Nodes

Calculation Sheet: QAI* 3.1, Rev. 6 (11-15-05)
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CASE 3.2: ICV™ BOX SIDEWALL BASE CASE CONDITIONS — SAND BACKING

! 2D BulkVit SideWali Heat Transfer Simulation

I Leaking Glass (Pure Glass) Scenario - no leaking glass in this base case
I Modeled effect of side concrete shield wall

I e_box = 0.8 (painted with ¢arboline 4700); e_conc = 0.6

FINISH
icle
lprep?
Mriad,rbot
Nitle, Glass Slab Sidewall Model - Case 3.2

ISet Element Types
ET.1, PLANESS IConductlion Area
KEYOPT,1.1.1

ANTYPE,O

TOFFST 273 ICelsius
NSUBST,100
Tunif, 100

1Set Material Properties
ICastable Refractory
MAT 1

MP.KXX,1.1.44

1Sand

Mat,2

MPTEMP,1,25,200,300,600,1000

MPDATA Kxx,2,1,0.17,0.25,0.285,0.38,0.55

IGlass (Hybrid LAW/PNL-4800 Data)

Mat.3

MPTEMP
MPTEMP,1,25,200,300,400,500,600
MPDATA Kxx,3,1,1,1.12,1.14,1.2,1.29,1.41
MPTEMP,7,700,800,900,1000,1400,2000
MPDATA Kxx,3,7,1.57,1.76,1.98,2.24,10,32

| Combined Free & Radiation Heat Transfer Coefficieitn - Vertical Surface
1 Models emissivily of box @ 0.8 & concrete shield walls @ 0.6

I Assumes Tinf = 100°C

MAT4

MPTEMP

MPTEMP,1, 55, 65,75, 85, 95, 100

MPDATAKE4,1,0.5,1.0, 1.7, 2.6, 3.8,6.1

MPTEMP,7, 125, 150, 175, 200, 225, 250

MPDATA hf4,7,10.6, 12.3, 13.8, 15.2, 16.5, 17.9

MPTEMP,13, 275, 300, 325, 350, 375, 400

Caleulation Sheet: QAP 3.1, Rev. 6 (11-15-03)
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MPDATA hf,4,13,19.3, 20.8, 22.3, 23.8, 25.4, 27 1
MPTEMP,18, 425, 450, 475, 500, 525, 6§50
MPDATA hf,4,19, 28.9, 30.7, 32.6, 34.7, 36.8, 35.0
MPTEMP,25, 575, 600

MPDATA,hf,4,25, 41.3, 437

IGenerate Keypoints
k1,00

k.2, 0.2720,0

k.3, 0.3048,0

k.5, 0.1524,0

k.6, 0,0.3048

k.7, 0.1524,0.3048
k.8, 0.2720,0.3048
k.9, 0.3048,0.2048

ICreate Lines
L.1.5.
L.,5.2,
L2.3,
L39
L.89
L7.8
L.6,7,
L1686
L57
L2.8

|Generate Areas
A 1576
A5287
A2,398

IMesh Areas
type,1
esiz,0.00635
amesh,all

lAssign Materials to Areas
asel,,area,,1

esla

emod,allmat,1

asel,,area, 2
esla
emod,all,mat,2
alls

asel,,area,,3
esla
emaod,all,mat,2
alls

Calculation Sheet: QAP 3.1, Rev. 6{11-15-05)
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NSEL,S,LOC,X,0.3048 I right edge
SFALL,CONV.4,100 | apply convection and ambient 100C
NSELALL
NSEL,SLOCX.0 ! select nodes on left side
DALLTEMP,1300 { apply fixed temp of 1300C
NSELALL
fini
Isolu
SOLVE
FINISH
fPOST1
PRNSOL,TEMP 1 PRINT NODAL TEMPERATURES
prnsol temp I List Temperatures at Nodes

Calculation Sheet: QAP 3.1, Rev. 6{11-13-05)
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CASE 3.3.1: 1300°C MELT/60PC INTERFACE CONDITIONS

FINISH

Iele

Iprep?

friad, rbot

hitle, Glass Slab Sidewall Model - Case 3.3.1

ISet Element Types
ET,1, PLANESS IConduction Area
KEYOPT,1,1,1

ANTYPE,O

TOFFST,273 ICelsius
NSUBST,100
Tunif,100

1Set Material Properties
ICastable Refractory
MAT,1

MP,KXX,1,1.44

I1Sand

Mat,2

MPTEMP,1,25,200,300,600,1000

MPDATA, Kxx,2,1,0.17,0.25,0.285,0.38,0.55

IGlass {Hybrid LAW/PNL-4800 Data)

Mat,3

MPTEMP
MPTEMP,1,25,200,300,400,500,600
MPDATA Kxx.3,1,1,1.12,1.14,1.2,1.29,1.41
MPTEMP,7,700,800,900,1000,1400,2000
MPDATA Kxx,3,7,1.57,1.76,1.98,2.24,10,32

I Combined Free & Radiation Heat Transfer Coefficieitn - Vertical Surface
1 Models emissivity of box @ 0.8 & concrete shield walls @ 0.6
| Assumes Tinf = 100°C

MAT 4

MPTEMP

MPTEMP,1, 55, 65, 75, 85, 95, 100

MPDATA.hf,4,1,0.5, 1.0, 1.7, 2.5, 3.8, 6.1

MPTEMP,7, 125, 150, 175, 200, 225, 250
MPDATA.hf,4,7,106, 12.3, 13.8, 15.2, 16.5,17.9
MPTEMP,13, 275, 300, 325, 350, 375, 400
MPDATA,h(4,13,19.3, 20.8, 22.3, 23.8, 25.4, 27.1
MPTEMP, 19, 425, 450, 475, 500, 525, 550

MPDATA,hf.4,19, 28.9, 30.7, 32.6, 34.7, 26.8, 39.0
MPTEMP,25, 575,600

MPDATA,hf 4,25, 41.3, 43.7

Calculation Sheet: QAP 3.0, Rev. 6(11-15-03)
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IGenerate Keypoints
k1,00

k,2, 0.2500,0

k3, 0.3048,0

k.4, 0,0.0254

k.5, 0.1524,0.0254
k6, 0,0.3048

k7, 0.1524,0.3048
k.8, 0.2500,0.3048
k.9, 0.3048,0.3048

ICreate Lines
LI1 '2'
L.2,3,
L339
L89
L7.8
L.6.7,
L.4.8,
L,1.4
L45
L,5.7
L28

IGenerate Areas
AA45786
A128754
A2398

IMesh Areas
type,1
esiz,0,00635
amesh,all

lAssign Materials to Areas
asel,,area,,1

esla

emod,all,mat,1

asel, area, 2
esla
emod,all,mat,3
alls

asel .area, 3
esla
emod,all.mat,2
alls

NSEL,5,L0C,X,0.3048
SF.ALL,CONV,-4,100

Iright edge
1 apply convection and ambient 100C

A6-177
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NSELALL

NSEL,S,LOCX,0 ! select nodes on keft side
DALLTEMP,1300 ! apply fixed temp of 1300C
NSELALL

fini
Isolu
SOLVE
FINISH

POST1
PRNSOL,TEMP | PRINT NODAL TEMPERATURES

pmsol,temp I List Temperatures at Nodes

Calculation Sheel: QAP 3.1, Rev. 6({11-15-05)
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CASE 3.3.2: 1500°C MELT/60PC INTERFACE CONDITIONS

FINISH

Icle

Iprep?

friad,rbot

ftitle, Glass Slab Sidewall Model - Case 3.3.2

{Set Element Types
ET,1. PLANES5 IConduction Area
KEYOPT,1,1.1

ANTYPE,0

TOFFST,273 ICelsius
NSUBST,100
Tunif, 100

ISet Material Properties
!Caslable Refractory
MAT,1

MP,KXX,1,1.44

1Sand

Mat,2

MPTEMP,1.25,200,300,600,1000

MPDATA Kxx,2,1,0.17,0.25,0.285,0.38,0.55

1Glass {Hybrid LAW/PNL-4800 Data)

Mat,3

MPTEMP
MPTEMP,1,25,200,300,400,500,600
MPDATA Kxx,3,1.1,1.12,1.14,1.2,1.29,1.41
MPTEMP,7,700,800,900,1000,1400,2000
MPDATA Kxx,3,7,1.57,1.76,1.98,2.24,10,32

| Combined Free & Radiation Heat Transfer Coefficieitn - Vertical Surface
{ Models emissivity of box @ 0.8 & concrete shield walls @ 0.6
1 Assumes Tinf = 100°C

MAT.4

MPTEMP

MPTEMP.1, 55, 65, 75, 85, 95, 100
MPDATA,hf4,1,0.5,1.0,1.7,2.6, 3.8,61

MPTEMP,7, 125, 150, 175, 200, 225, 250

MPDATA hf4,7,10.6, 12.3,13.8, 15.2, 16.5, 17.9
MPTEMP,13, 275, 300, 325, 350, 375, 400

MPDATA hf,4,13,19.3, 20.8, 22.3, 23.8, 25.4, 271
MPTEMP.19, 425, 450, 475, 500, 525, 550

MPDATA hf 4,19, 28.9, 30.7, 32.6, 34.7, 36.8, 39.0
MPTEMP,25, 575, 600

MPDATA hf 4,25, 41.3, 43.7

Caleulation Sheer: QAP 3.1_Rev. 6 (11-15-05)
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Tite: DBVS ICV™ Box Thermal Analysis

Prepared By: P.S. Lowery

| Date: 372006 | Checked By: S.R. Pierce | Date: 320106

IGenerate Keypoints
k1,00
k.2,02725,0

k,3, 0.3048,0

k4, 0,0.0254

k5, 0.1524,0.0254
k6. 0,0.3048
k,7,0.1524,0.3048
k.8, 0.2725,0.3048
k,9, 0.3048,0.3048

ICreate Lines
L1.2,
L.2.3,
L3S"
Lg9
L7.8
L6.7.
L 4.6,
L14
L45
L.57
L.28

iGenerate Areas
A4576
A128754
A2398

IMesh Areas
type.1
esiz,0.00635
amesh,all

lAssign Materials to Areas
asel,area,,1

esla

emod,all,mat,1

asel,,area,,2
esla
emod . all,mat,3
alls

asel,.area,,3
esla ‘
emod,all,mat,2
alls

NSEL,S.LOC X,0.3048
SF.ALL,CONV,4,100
NSELALL

Iright edge
! apply convection and ambient 100C

Calculation Sheet: QAR 3.0, Rev. 6 {11-15-05)
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Title: DBVS ICV™ Box Thermal Analysis
Prepared By: P.S. Lowery I Date: 3/20/06 | Checked By: S.R. Pierce Date: 3/20/06

NSEL,S,LOCX,0 1 select nodes on left side
D.ALLTEMP,1500 1 apply fixed temp of 1500C
NSELALL

fini
Isolu
SOLVE
FINISH

POST1
PRNSOL, TEMP | PRINT NODAL TEMPERATURES

prasol,temp ! List Temperatures at Nodes

Calculation Sheet: QAP 3.1, Rev. 6 (V1-15-05)
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Title: DBVS ICV™ Box Thermal Analysis
Prepared By: P.S. Lowery l Date: 3/20/06 ’ Checked By: 5.R. Pierce | Date: 3/20/06

CASE 3.3.3: 1700°C MELT/60PC INTERFACE CONDITIONS

FINISH
Icle
lprep7
friad, rbot
hitle, Glass Slab Sidewall Model -Case 3.3.3

ISet Element Types
ET.1. PLANESS IConduction Area
KEYOPT,1,1.1

ANTYPE,O0

TOFFST, 273 ICelsius
NSUBST,100
Tunif, 100

1Set Material Properties
ICastable Refractory
MAT,1

MPKXX,1,1.44

ISand

Mat,2

MPTEMP,1,25,200,300,600,1000

MPDATA Kxx,2,1,0.17,0.25,0.285,0.33,0.55

IGlass (Hybrid LAW/PNL-4800 Data)

Mat,3

MPTEMP
MPTEMP,1,25,200,300,400,500,600
MPDATA Kxx,3,1,1,1.12,1.14,1.2,1.29,1.41
MPTEMP,7,700,800,800,1000,1400,2000
MPDATA Kxx,3,7,1.57,1.76,1.98,2.24,10,32

| Combined Free & Radiation Heat Transfer Coefficieitn - Vertical Surface
! Models emissivity of box @ 0.8 & concrele shield walls @ 0.6
! Assumes Tinf = 100°C

MAT 4

MPTEMP

MPTEMP,1, 55, 65, 75, 85, 95, 100
MPDATAh4,105,10,1.7,26,38,6.1

MPTEMP,7, 125, 150, 175, 200, 225, 250
MPDATA.WhF4,7,10.6, 12.3, 13.8, 15.2, 16.5, 17.9
MPTEMP, 13, 275, 300, 325, 350, 375, 400
MPDATA,hf4,13,19.3, 20.8, 22.3, 23.8, 254, 27.1
MPTEMP,19, 425, 450, 475, 500, 525, 550

MPDATA,hf,4,19, 28.9, 30.7, 32.8, 34.7, 36.8, 39.0
MPTEMP, 25, 575, 600

Calculation Sheet: QAP 3.1, Rev. 6(11-15-05)

A6-182



RPP-24544 REV Ic
145579-D-CA-001 Revision 2 Attachment 1

CALCULATION SHEET

Project No. 0509206.01 Calculation No. 0509206.01-M-001 Rev.No. | Page No. 60 of 97

Title: DBVS ICV™ Box Thermal Analysis

Prepared By: P.S. Lowery i Date: 3/20/06 l Checked By: S.R. Pierce Date: 3/20/06

MPDATA,hf 4,25, 41.3, 43.7

IGenerate Keypoints
k1,00

k.2, 0.2875.0

k,3, 0.3048,0

k.4, 0,0.0254

k,5, 0.1524,0.0254
k.6, 0.0.3048

k.7, 0.1524,0.3048
k.8, 0.2675,0.3048
k.9, 0.3048,0.3048

ICreate Lines
L1.2
L23,
L3.9
LB9
L78
L6.7.
L4,6,
L14
L4.5
L5,7
L28

IGenerate Areas
A4576
A1287,54
A23.98

IMesh Areas
type,1
esiz,0.00635
amesh,all

IAssign Materials to Areas
asel,,area,,1

esla

emod,all,mat,1

asel,,area,,2
esla
emod,allmat,3
alls

asel,area,,3
esla
emod,all,mat,2
alls

NSEL,S,LOC,X,0.3048 1 right edge

Calculation Shect: QAP 3.1, Rev, 6(11-13-05)
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Prepared By: P.S. Lowery | Date: 3720106 | Checked By: S.R. Pierce Date: 3/20/06
SFALL,CONV,-4,100 1 apply convection and ambient 100C

NSELALL

NSEL,S,LOCX.0 1 select nodes on left side

DALLTEMP,1700 1 apply fixed temp of 1700C

NSELALL

fini

Isolu

SOLVE

FINISH

/POST1

PRNSOLTEMP | PRINT NODAL TEMPERATURES

pmsol temp ! List Temperatures at Nodes

Calculation Sheet: QAP 3.1, Rev. 6(11-13-05)
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Prepared By: P.S. Lowery I Date: 3/20/06 I Checked By: SR, Pierce | Date: 3/20/06

CASE 3.3.4: 1700°C MELT/60PC INTERFACE CONDITIONS; REDUCED SURFACE HEAT
TRANSFER COEFFICIENTS

FINISH

Icle

lprep?

ftriad,rbot

Nitle, Glass Slab Sidewall Model - Case 3.3.4

ISet Element Types
ET,1, PLANESS tConduction Area
KEYOPT,1,1.1

ANTYPE,D

TOFFST,273 1Celsius
NSUBST,100
Tunif,100

1Set Material Properties
ICastable Refractory
MAT,1

MP KXX,1,1.44

1Sand

Mat,2

MPTEMP,1,25,200,300,600,1000

MPDATA Kxx,2,1,0.17,0.25,0.285,0.38,0.55

IGlass (Hybrid LAW/PNL-4800 Data)

Mat,3

MPTEMP
MPTEMP,1,25,200,200,400,500,600
MPDATA Kxx,3,1,1,1.12,1.14,1.2,1.29,1.41
MPTEMP,7,700,800,900,1000,1400,2000
MPDATA Kxx,3,7,1.57,1.76,1.58,2.24,10,32

1 Combined Free & Radiation Heat Transfer Coefficient - Vertical Surface
1 %x Nominal Values Case

! Models emissivity of box @ 0.8 & concrete shield walls @ 0.6
! Assumes Tinf = 100°C

MAT 4

MPTEMP

MPTEMP,1, 55, 65, 75, 85, 95, 100

MPDATA,hf,4,1,0.2,0.5, 0.9, 1.3, 1.9, 3.1

MPTEMP,7, 125, 150, 175, 200, 225, 250
MPDATAhf4,7,5.3,6.2,6.9,7.6,8.3, 9.0

MPTEMP,13, 275, 300, 325, 350, 375, 400
MPDATA,hf,4,13,9.7, 104, 11.1,11.9, 12.7, 136
MPTEMP,19, 425, 450, 475, 500, 525, 550

MPDATAhf 4,19, 14.4, 154, 16.3, 17.3, 184, 195

Calculation Sheet: QAP 3.1, Rov. 6 (11-13-05)
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LDatc: 320/06

Checked By: S.R. Picrce Date: 3/20/06

MPTEMP,25, 575, 600
MPDATA hf,4,25, 20.6, 21.8

IGenerate Keypoints
k1,00

k.2, 029200

k,3, 0.3048,0

k.4, 0,0.0254

k.5, 0.1524,0.0254
k.6, 0,0.3048

k.7, 0.1524,0.3048
k.8, 0.2920,0.3048
k.9, 0.3048,0.3048

ICreate Lines
L1.2,
L2.3,
L39
L89
L78
L6.7,
L.4,6,
L14
L45
LS57
L28

IGenerate Areas
Ad4576
A128754
A2398

IMesh Areas
type
esiz,0.00635
amesh,all

lAssign Materials to Areas
asel, area,,1

esla

emod,all,mat,1

asel, area,,2
esla
emod,allmat,3
alls

asel,,area, 3
esla
emod,all,mat,2
alls

A6-186
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Title: DBVS ICV™ Box Thermal Analysis

Prepared By: P.S. Lowery I Date: 3/20/06 I Checked By: S.R. Pierce l Date; 3/20/06
NSEL,S,LOC,X,0.3048 I right edge

SFALL,CONV,4,100 ! apply convection and ambient 100C

NSELALL

NSEL,S.LOCX,0 ! select nodes on left side

D.ALL TEMP,1700 ! apply fixed temp of 1700C

NSEL,ALL

fini

Isolu

SOLVE

FINISH

/POST1

PRNSOL,TEMP 1 PRINT NODAL TEMPERATURES

pmsol temp ! List Temperalures at Nodes

Calcutation Sheet: QAP 3.1, Rev. §{11-15-05)
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Prepared By: P.S. Lowery | Date: 372006 | Checked By: SR. Pierce | Date: 3720106

CASE 3.3.5: 1700°C MELT/60PC INTERFACE CONDITIONS; INCREASED SURFACE HEAT
TRANSFER COEFFICIENTS

FINISH

lcle

fprep?

friad,rbot

ftitle, Glass Slab Sidewal!l Model - Case 3.3.5

ISet Element Types
ET.1, PLANESS IConduction Area
KEYOPT,1,1,1

ANTYPE,O0

TOFFST,273 ICelsius
NSUBST,100
Tunif, 100

1Set Material Properties
iCastable Refraclory
MAT 1 ,
MP,KXX,1,1.44

1Sand

Mat,2 .
MPTEMP,1,25,200,300,600,1000

MPDATA Kxx,2,1,0.17,0.25,0.285,0.38,0.55

1Glass (Hybrid LAW/PNL-4800 Data)

Mat,3

MPTEMP
MPTEMP,1,25,200,300,400,500,600
MPDATA Kxx.3,1,3,1.12,1.14,1.2,1.29,1.41
MPTEMP,7,700,800,900,1000,1400,2000
MPDATA Xxx,3,7,1.57,1.76,1.98,2.24,10,32

| Combined Free & Radiation Heat Transfer Coefficient - Vertica! Surface
1 2x Nominal Values Case

! Models emissivity of box @ 0.8 & concrete shield walls @ 0.6
1 Assumes Tinf = 100°C

MAT 4

MPTEMP .

MPTEMP,1, 55, 65, 75, 85, 95,100
MPDATAWf,4,1,0.9,2.1,34,5.1,7.6,12.3

MPTEMP,7, 125, 150, 175, 200, 225, 250

MPDATAhf 4,7,21.3, 24.7, 27.6, 30.4, 33.1,358
MPTEMP,13, 275, 300, 325, 350, 375, 400

MPDATA hf4,13,38.6, 41.5, 44.5, 47.6, 50.9, 54.2
MPTEMP,19, 425, 450, 475, 500, 525, 550

MPDATA hf 4,19, 57.8, 61.4, 65.3,69.3, 73.5,77.9

Calculation Sheet: QAP 3.1, Rev, 6(11-15-03)
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Title: DBVS ICV™ Box Thermal Analysis

Prepared By: P.S. Lowery

| Date: 320106 | Checked By: SR. Pierce Date: 3/20/06

MPTEMP,25, 5§75, 600
MPDATA,hf.4,25, 82.5, 87.3

1Generate Keypoints
k1,00
k2,028250

k.3, 030480

k.4, 0,0.0254

k.5, 0.1524,0.0254
kB, 0,0.3048

k.7, 0.1524,0.3048
k.8, 0.2825,0.3048
k.9, 0.3048,0.3048

ICreate Lines
L,1.2,
L,2,3,
L3.9
L.8.9
L7.8
L6.7,
L.4.6,
L.1.4
L4.5
L.57
L28

IGenerate Areas
AA4576

A 128754
A2398

IMesh Areas
type.1
esi2,0.00635
amesh,all

lAssign Materials to Areas
asel,,area,,t

esla

emod,all.mat,1

asel,,area, 2
esla
emod,all.mat,3
alls

asel,,area,, 3
esla

emod,all mat,2
alls

A6-189
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Title: DBVS ICV™ Box Thermal Analysis
Prepared By: P.S. Lowery I Date: 3/20/06 | Checked By: S.R. Pierce Date: 3/20/06
NSEL,S.LOC,X,0.3048 I right edge
SF.ALL,CONV,4,100 ! apply convection and ambient 100C
NSELALL
NSEL,S,LOCX,0 ! select nodes on left side
DALLTEMP,1700 I apply fixed temp of 1700C
NSEL.ALL :
fini
Isolu
SOLVE
FINISH
POSTH
PRNSOL,TEMP | PRINT NODAL TEMPERATURES
prnsol.temp !List Temperalures at Nodes

Calculation Sheet: QAP 3.1 Rev. 6(11-13-03)
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Titte: DBVS ICV™ Box Thermal Analysis
Prepared By: P.S. Lowery I Date: 3/20/06 l Checked By: S.R. Pierce Date: 3/20/06

CASE 4.1: 1ICV™ BOX BOTTOM BASE CASE CONDITIONS

I 2D Bu'kVit Bottom Wall Heat Transfer Simulation

I Base Case for Leaking Glass (Pure Glass) Scenario - no Leak in this model
| Sand-centered case

! No Gap between box skin & tube steel

flitle, Box Bottom Heat Transfer - Case 4.1
fprep?

antype, 0
foffst, 273
tunif, 100

! Define element type
et 1, plane55
keyopt, 1,1.1

1Specify Material Properties

16" Castable Refractory 60 PC
MAT,1
MP KXX,1,1.44,

18" Castable Refractory 110 C

Mat,2

MPTEMP
MPTEMP,1,25,540,815,1200,1500
MPDATA Kxx,2,1,1,0.86,0.78,0.668,0.534

1Steel Lining/TS 6x6

Mat,3

MPTEMP
MPTEMP,1,27,127,327,527.727,
MPDATA Kxx,3,1,60.5,56.7,48,39.2,20,

1Air Conductivity

Mat,4

MPTEMP

MPTEMP,1,27,127,327,527,727,

MPDATA Kxx,4,1,0.0261,0.0331,0.0456,0.0569,0.0672,

1Sand

Mat,5

MPTEMP :
MPTEMP,1,25,200,300,600,1000

MPDATA Kxx,5,1,0.17,0.25,0.285,0.38,0.55

! Combined Free & Radiation Heat Transfer Coefficient - horizonla! Surface
I Models emissivity of box @ 0.8 & concrete shield walls @ 0.6
I Assumes Tinf = 100°C

Calculation Sheet, QAP 3.1, Rev, 6 (11-15-03)
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Title: DBVS ICV™ Box Therma! Analysis

Prepared By: P.S. Lowery

| Date: 3/20/06

Checked By: S.R. Pierce Date: 3/20/06

MAT6

MPTEMP

MPTEMP,1, 25, 35, 45, 55,65, 75
MPDATAhf6,1,1.6,1.9,23,27,3.1,3.5
MPTEMP,7,85, 95, 100, 125, 150, 175
MPDATAW6,7,4.1,4.8,6.1, 88, 10.0, 11.2
MPTEMP,13, 200, 225, 250, 275, 300, 325
MPDATA hf,6,13, 12.3,13.4, 146, 1158, 17.1, 18.5
MPTEMP,19, 350, 375, 400, 425, 450, 475
MPDATA, 6,18, 19.9, 21.4, 23.0, 24.6, 26.3, 28.2
MPTEMP,25, 500, 525, §50, 575, €00

MPDATA hf6,25, 30.1, 32.1, 34.2, 36 4, 38.7

Vertical Convection (Not used in this model)
MAT.7

MPTEMP
MPTEMP,1,100,105,110,115,120,125
MPDATA,N,7,1,0.0,8.59.2,9.8,10.2,106
MPTEMP,7,150,175,200,225,250,300
MPDATA,N,7,7,12.3,13.8,15.2,16.5,17.9,20.8

tAir Conductivity

Mal,8

MPTEMP
MPTEMP,1,27,127,327,527,727,

MPDATA Kxx,8,1,0.0261,0.0331,0.0456,0.0569,0.0672,

IGlass (Hybrid LAW/PNL-4300 Data)

Mat,9

MPTEMP
MPTEMP,1,25,200,300,400,500,600
MPDATA Kxx,9,1,1,1.12,1.14,1.2,1.29,1.41
MPTEMP,7,700,800.900.1000,1400.2000
MPDATA Kxx,9,7,1.57,1.76,1.98,2.24,10,32

{ keypoints - Sand-centered case

0.
, 0.35560, 0
4,0
5. 0.15240, 0.0635
. 6, 0.30798, 0.0635
7,0.35560, 0.0635
12, 0,0.165100
13, 0.15240, 0.165100
J4, 0,0.180500
15, 0.15240, 0.190500
k.20, 0.15240, 0.2921
k.21, 0.30798, 0.2921
k,22, 0.35560, 0.2921
k.23, 0,60.3556
k.24, 0.15240, 0.3556

A6-192
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k.25, 0.35560, 0.3556
k.26, 0.36195, 0.3556

| lines - sand-centered case

1.2
2,5
1,5,13
113,12
1,121

113,15
1,15,14
114,12

1,15,20
1,20,24
124,23
123,14

12,3
13,7
L7.6
6,5

16,21
1,21,20

17,22
22,21

122,25
125,24

13,4
14,26
126,25

1 areas - sand-centered case

1251312 - A1
a,12,13,15,14 1A2
a,14,1520,2423 A3

a,2,3,785 1A4
a,56,21,20,1513 A5
a,6.7,22,21 A6

8,20,21,222524 A7
a,34,2625227 A8

! Define mesh
type, 1

esize, 0.00635
arnesh, all

Calculation Sheet: QAP 3.1, Rev. 6 (11-13-03)
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lAssign Materials to Areas

asel, area,,1
esla
emod,alt,mat,1

asel,area, 2
esla
emod,allmat,t
alls

asel, area 3
esla
emod, all, mat,1
alls

asel,,area, 4
esla
emod.allmat,2
alls

asel,,area,,5
esla
emod,all,mat,5
alls

asel, area,.b
esla
emod,all.mat,5
alls

asel,,area,,7
esla
emod,all,mat,2
alls

asel,,area, B

esla

emod,allmat,3

alls

! Impose BCs - sand-centered case

LSEL,S,LINE,,24

NSLL,.1

SF,ALL,CONV,-6,100 ! apply horiz convection and ambient 100C
NSEL,S,LOC.X.0 ! select nodes on left side

DALL TEMP,1300 1 apply fixed temp of 1300C
NSELALL

! Finished set-up. Now go to sclver

Culculmion Sheet: QAP 3.1, Rev. 6(11-15.05)
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fini

Isolu
solve
finish

Calculation Sheet: QAP 3.1 Rev, 6 (11-15-035)
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Title: DBVS ICV™ Box Thermal Analysis

Prepared By: P.S. Lowery | Date: 3720106 | Checked By: S.R. Pierce | Date: 3720106

CASE 4.2.1: ICY™ BOX BOTTOM 1300°C MELT/60PC INTERFACE CONDITIONS

! 2D ButkVit Bottom Wall Heat Trasnfer Simulation
! Leaking Glass {Pure Glass) Scenario

1 Sand-centered case

1 No Gap between box skin & tube steel

fitle, Box Bottom Heat Transfer « Case 4.2.1
fprep?

antype, 0
toffst, 273
tunif, 100

| Define element type
el 1, plane55
keyopt, 1,1,1

I1Specify Material Properties

16" Castable Refractory 60 PC
MAT,1
MP KXX,1,1.44,

18" Castable Refractory 110 C

Mat,2

MPTEMP
MPTEMP,1,25,540,815,1200,1500
MPDATA Kxx,2,1,1,0.86,0.78,0.668,0.534

IStee! Lining/TS 6x6

Mat.3

MPTEMP
MPTEMP,1,27,127,327,527,727,
MPDATA Kxx,3,1,60.5,56.7,48,39.2,30,

JAir Conductivity

Mat 4

MPTEMP

MPTEMP,1,27,127 327,527,727,

MPDATA Kxx,4,1,0.0261,0.0331,0.0456,0.0569,0.0672,

I1Sand

Mat.,5

MPTEMP

MPTEMP,1,25,200,300,600,1000

MPDATA Kxx.5,1,0.17,0.25,0.285,0.38,0.55

1 Combined Free & Radiation Heat Transfer Coefficient - horizontal Surface

Calculation Sheer: QAP 3.1, Rev. 6 (11-15-05)
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Prepared By: P.S. Lowery [ Date: 320106 | Checked By: §.R. Pierce Date: 3/20/06

! Models emissivity of box @ 0.8 & concrete shield walls @ 0.6
1 Assumes Tinf = 100°C

MAT6

MPTEMP

MPTEMP,1, 25, 35, 45, 55, 65, 75
MPDATARf6,1,1.6,1.9, 23,27, 31,35
MPTEMP,7.85, 95, 100, 125, 150, 175
MPDATA W 6,7,4.1,4.8,6.1,8.8, 100, 11.2
MPTEMP,13, 200, 225, 250, 275, 300, 325
MPDATA h{6,13,12.3, 13.4, 146, 1158, 17.1, 185
MPTEMP,19, 350, 375, 400, 425, 450, 475
MPDATA hf,6,19, 19.9, 21.4, 23.0, 24.6, 26.3, 28.2
MPTEMP,25, 500, 525, 550, 575, 600
MPDATA hf 6,25, 30.1, 32.1, 34.2, 36.4, 38.7

Vertical Convection {Not used in this model)
MAT,7

MPTEMP
MPTEMP,1,100,105,110,115,120,125
MPDATAN.7,1,00859298.10.2,106
MPTEMP,7,150,175,200,225,250,300
MPDATA N,7,7,12.3,13.8,15.2,16.5,17.8,20.8

1Air Conductivity

Mat,8

MPTEMP

MPTEMP,1,27,127.327,527,727,

MPDATA, Kxx,8,1,0.0261,0.0331,0.0456,0.0569,0.0672,

IGlass (Hybrid LAW/PNL-4800 Data)

Mat,9

MPTEMP
MPTEMP,1,25,200,300,400,500,600
MPDATA Kxx,9,1,1,1.12,1.14,1.2,1.29,1.41
MPTEMP,7,700,800,900,1000,1400,2000
MPDATA Kxx,9,7,1.57,1.76,1.98,2.24,10,32

I keypoints - Sand-centered case

e
=]

NOO AW

27000, 0.0635
35560, 0.0635

0. 0.165100
. 0.15240, 0.165100
0, 0.190500
k.15, 0.15240, 0.190500
k.20, 0.15240, 0.2921
k.21, 0.27000, 0.2921
k.22, 0.35560, 0.2921

0.
0.
0.
0. 15240 0.0635
0.
0.

o o
bl =
:“‘-"!\’

Calculation Sheet: QAP 3.0, Rev. 6 ((1-15-05)
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Tite: DBVS ICV™ Box Thermal Analysis

Prepared By: P.S. Lowery I Date: 3/20/06 | Checked By: S.R. Pierce [ Date: 3/20/06
k.23, 0, 0.3556

k.24, 0.15240, 0.3556
k,25, 0.35560, 0.3556
k.26, 0.36195, 0.3556

llines - sand-centered case

1.2
L.2,5
15,13
1,13,12
L12,1

1,115,20
1,20,24
124,23
123,14

12,3
3.7
17,6
16,5

1621
121,20

17,22
122,21

1,22,25
125,24

1,3.4
1,4,26
1,26.25

! areas - sand-centered case

a12513,12 1A1
8,12,13,15,14 A2
a,14,1520,2423 A3

223,765 1A4
a,56,2120,1513 IAS
a,6,7,22,21 IAS

a,20,21,22.2524 A7
a,34,262522,7 A8

! Define mesh
type, 1

Calculation Sheet: QAP 3.1, Rev. 6 (11-13-05)
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Titte: DBVS ICV™ Box Thermal Analysis

Prepared By: P.S. Lowery | Date: 32006 | Checked By: S.R. Pierce | ate: 3120106

esize, 0.00635
amesh, all

lAssign Materials fo Areas

asel, ,area,,?
esla
emod,all,mat, 1

asel,,area, 2
esla
emod,all,mat,9
alls

asel,area,.3
esla
emcd,all,mat,1
alls

asel,,area,.4
esla
emod,allmat,2
alls

asel ,area,.5
esla
emod,allmat,9
alls

asel,.area, 6
esla

emod,all, mat,5
alls

asel, area, 7
esla
emod,all,mat, 2
alls

asel,,area, 8
esla
emod,all,mat.3
alls

! Impose BCs - sand-centered case

LSEL,S.LINE, 24

NSLL, 1

SFALL,CONV,-6,100 I apply horiz convection and ambient 100C
NSEL,S,LOC X.0 ! select nodes on left side

D.ALL TEMP,1300 ! apply fixed temp of 1300C
NSELALL

Calculation Sheet: QAP 3.1, Rev. 6 (11-15-05)
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! Finished set-up. Now goto solver

fini

Isolu
solve
finish

Calculation Sheet: QAP 3.1, Rev. 6 (11-15-03)
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CASE 4.2.2: ICY™ BOX BOTTOM 1500°C MELT/60PC INTERFACE CONDITIONS

I 2D BulkVit Bottom Wall Heat Trasnfer Simulation
| Leaking Glass (Pure Glass) Scenario

| Sand-centered case

I No Gap between box skin & tube stee!

flitle, Box Bottom Heat Transfer - Case 4.2.2

Iprep?

antype, 0
toffst, 273
tunif 100

| Define element type
et 1, plane55
keyopt, 1,11

1Specify Material Properties

16" Castable Refractory 60 PC
MAT,1 '
MP,KXX,1,1.44,

[8" Castable Refractory 110C

Mat,2

MPTEMP
MPTEMP,1,25,540,815,1200,1500
MPDATA KXxx,2,1,1,0.86,0.78,0.668,0.534

Stee! Lining/TS 6x6

Mat3

MPTEMP :
MPTEMP,1,27,127,327,527,7217,
MPDATA Kxx,3,1,60.5,56.7,48,39.2,30,

1Air Conductivity

Mat,4

MPTEMP

MPTEMP,1,27,127,327,527,727,

MPDATA, Kxx,4,1,0.0261,0.0331,0.0456,0.0569,0.0672,

ISand

Mat,5

MPTEMP .
MPTEMP,1,25,200,300,600,1000

MPDATA Kxx,5,1,0.17,0.25,0.285,0.38,0.55

I Combined Free & Radiation Heat Transfer Coefficient - horizontal Surface
I Models emissivity of box @ 0.8 & concrete shield walls @ 0.6

Calculation Sheer: QAR 3.1, Rev. 6 (11-13-05)
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Project No. 0509206.01 Calculation No. 0509206.01-M-001 Rev. No, 1 Page No. 79 of 97

Title: DBVS ICV™ Box Therma! Analysis

Prepared By: P.S. Lowery | Date: 3720106 | Checked By: S.R. Pierce Date: 3720/06

! Assumes Tinf = 100°C

MAT.6

MPTEMP

MPTEMP,1, 25, 35, 45, 55, 65,75
MPDATAhf6,1,16,19,23,2.7,3.1,35
MPTEMP,7,85, 95, 100, 125, 150, 175
MPDATAhf6,7,4.1,4.8, 6.1, 8.8, 10.0, 11.2
MPTEMP,13, 200, 225, 250, 275, 300, 325
MPDATA,hf,6,13, 12.3, 13.4, 14.6, 115.8, 17.1, 185
MPTEMP,19, 350, 375, 400, 425, 450, 475
MPDATAhf6,19,19.9,214,23.0,246,26.3,28.2
MPTEMP,25, 500, 525, 550, 575, 600
MPDATA.hf,6,25, 30.1, 32.1, 34.2, 36.4, 38.7

IVertical Convection {Not used in this model)
MAT,7

MPTEMP
MPTEMP,1,100,105,110,115,120,125
MPDATA hf,7,1,0.0,8.5,9.2,9.8,10.2,106
MPTEMP,7,150,175,200,225,250,300
MPDATA K,7,7,12.3,13.8,15.2,16.5,17.9,20.8

lAir Conductivity

Mat,8

MPTEMP

MPTEMP,1,27,127 327,527,727,

MPDATA Kx¢8.1,0.0261,0.0331,0.0456,0.0569,0.0672,

IGlass (Hybrid LAW/PNL-4800 Data)

Mat,9

MPTEMP :
MPTEMP,1,25,200,300,400,500,600
MPDATA Kxx,9,1.1,1.12,1.14,1.2,1.29,1.41
MPTEMP,7,700,800,900,1000,1400,2000
MPDATA Kxx,9,7,1.57,1.76,1.98,2.24,10,32

} keypoints - Sand-centered case

12, 0,0.165100
.13, 0.15240, 0.165100
k14, 0, 0.190500
k.15, 0.15240, 0.190500
k.20, 0.15240, 0.2921
k.21, 0.30850, 0.2921
k,22, 0.35560, 0.2921
k23, 0,0.3556

A6-202

Calculation Sheet: QAP 3.0, Rev, 6 (11-15-05)
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Prepared By: P.S. Lowery | Date: 3/20/06 | Checked By: S.R. Pierce | Date: 320106

k.24, 0.15240, 0.3556
k.25, 0.35560, 0.3556
k.26, 0.36195, 0.3556

llines - sand-centered case

11,2
12,5
15,13
13,12
1121

113.15
115,14
114,12
(15,20
120,24
1,24,23
123,14

12,3
137
17,6
16,5

16,21
121,20

7,22
122,21

122,25
125,24

134
14,26
1,26,25

! areas - sand-centered case
a,1,25.13,12 A1

a,12,13,15,14 1A2
a,14,15,2024,23 A3

223765 A4
a56,21,20,1513 A5
8,6,7.22.21 A6

a,20,21,22,2524 A7
a,34,26,2522,7 A8

! Define mesh
type, 1

esize, 0.00635

Calculation Sheet; QAP 3.1, Rev, 6(11-15-03)
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Title: DBVS ICV™ Box Thermal Analysis

Prepared By: P.S. Lowery I Date: 3/20/06 | Checked By: S.R. Pierce Date: 3/20/06
amesh, all

tAssign Materials to Areas

asel,area, .1
esla
emod,all,mat,1

asel,area, 2
esla
emod,all,mat,9
alls

asel,,area, 3
esla
emod,all,mat,1
alls

asel,,area, 4
esla

emod,all, mat,2
alls

asel,.area, .5
esla
emod,all,mat,9
alls

asel ,area, B
esla

emod,all. mat,5
alls

asel,,area,,7
esla

emod,all, mat,2
alls

asel, area, B

esla

emod,allmat,3

alls

! Impose BCs - sand-centered case

LSEL,S,LINE, .24

NSLL,1

SFALL.CONV,-6,100 t apply horiz convection and ambient 100C
NSEL,S,LOC.X,0 I select nodes on left side

DALL TEMP,1500 1 apply fixed temp of 1500C

NSELALL

Caleulation Sheet: QAP 3.1, Rev, 6{11-15-05)
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Project No. 0509206.01 :
Title: DBVS ICV™ Box Thermal Analysis

Prepared By: P.S. Lowery | Date: 320106
! Finished set-up. Now go to solver

Checked By: S.R. Pierce | Date: 3720106

fini

Isolu
solve
finish

Calculation Sheet: QAP 3.1, Rev. 6 {11-13-05)
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Prepared By: P.S. Lowery | Date: 320/06 | Checked By: SR. Pierce | Date: 3720106

CASE 4.2.3: 1ICV™ BOX BOTTOM 1700°C MELT/60PC INTERFACE CONDITIONS

| 2D BulkVit Bottom Wall Heat Trasnfer Simulation
| Leaking Glass (Pure Glass) Scenario

| Sand-centered case

! No Gap between box skin & tube steel

ftitle, Box Bottom Heat Transfer - Case 4.2.3
fprep?

antype, 0
toffst, 273
tunif, 100

I Define element type
et,1, planeS5
keyopt, 1,1.1

\Specify Material Properties

16" Castable Refractory 60 PC
MAT.1
MP,KXX,1,1.44,

18" Caslable Refractory 110 C

Mat,2

MPTEMP
MPTEMP,1,25,540,815,1200,1500
MPDATA Kxx,2,1,1,0.86,0.78,0.668,0.534

{Steel Lining/TS 6x6

Mat,3

MPTEMP
MPTEMP,1,27,127,327,527,727,
MPDATA Kxx,3,1,60.5,66.7,48,39.2,30,

tAir Conductivity

Mat 4

MPTEMP

MPTEMP,1,27,127,327,5627,727,

MPDATA Kxx,4,1,0.0261,0.0331,0.0456,0.0569,0.0672,

ISand

Mat.5

MPTEMP

MPTEMP,1,25,200,300,600,1000

MPDATA Kxx,5,1,0.17,0.25,0.285,0.38,0.55

| Combined Free & Radiation Heat Transfer Coefficient - horizontal Surface
I Models emissivity of box @ 0.8 & concrete shield walls @ 0.6
! Assumes Tinf = 100°C

Calculation Sheet: QAP 3.1, Rev, 6 (11-15-05)
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Title: DBVS ICV™ Box Thermal Analysis

Prepared By: P.S. Lowery I Date: 3720/06 | Checked By: S.R. Pierce Date: 3/20/06

MAT,6

MPTEMP .

MPTEMP,1, 25, 35, 45, 55, 65, 75
MPDATA,hf6,1,1.6,1.9,2.3,27,3.1, 35
MPTEMP,7,85, 95, 100, 125, 150, 175
MPDATAhf,6,7,4.1,4.8,6.1, 8.8, 10.0, 11.2
MPTEMP,13, 200, 225, 250, 275, 300, 325
MPDATA 6,13, 12,3, 13.4, 14.6, 115.8,17.1, 18.5
MPTEMP,19, 350, 375, 400, 425, 450, 475
MPDATAhf6,19, 19.9, 21.4, 23.0, 24.6, 26.3, 28.2
MPTEMP,25, 500, 525, 550, 575, 600
MPDATA,hf,6,25, 30.1, 32.1, 34.2, 364, 38.7

Wertical Convection {(Not used in this model)
MAT.7

MPTEMP
MPTEMP,1,100,105,110,115,120,125
MPDATA hf,7,1,0.0,8.5,9.2,9.8,10.2,10.6
MPTEMP,7,150,175,200,225,250,300
MPDATA Nf7,7,12.3,13.8,15.2,16.5,17.9.20.8

1Air Conductivity

Mat,8

MPTEMP

MPTEMP,1,27,127 327,527,727,

MPDATA,Kxx,8,1,0.0261,0.0331,0.0456,0.0569,0.0672,

IGlass (Hybrid LAW/PNL-4800 Data)

Mat,9

MPTEMP
MPTEMP,1,25,200,300,400,500,600
MPDATA Kxx,9,1,1,1.12,1.14,1.2,1.29.1.41
MPTEMP,7,700,800,500,1000,1400,2000
MPDATA Kxx,9,7,1.57,1.76,1.98,2.24,10,32

! keypoints - Sand-centered case

. 6, 0.32685, 0.0635

. 7, 0.35560, 0.0625
12, 0,0.165100
13, 0.15240, 0.165100
k.14, 0,0.190500
k.15, 0.15240, 0.150500
k20, 0.15240, 0.2921
k.21, 0.32685, 0.2921
k.22, 0.35560, 0.2921
k.23, 0, 0.3556

k.24, 0.15240, 0.3556

K

k

k

k, 4,

k,5, 15240 0.0635
k.6

K

k

k,

A6-207

Calcutation Shect: QAP 3.1, Rev, 6 (11-15-03)
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Page No. 85 of 97

Rev.No. 1

Title: DBVS ICV™ Box Thermal Analysis

Prepared By: P.S. Lowery

I Date: 3/20/06 I Checked By: S.R. Pierce

Date: 3/20/06

k.25, 0.35560, 0.3556
k.26, 0.36195, 0.3556

] lines - sand-centered case

1,2
12,5
15,13
113,12
121

113,15
11514
114,12

115,20
120,24
1,24,23
123,14

12,3
13,7
17,6
16,5

16,21
121,20

1,7,22
122,21

122,25
1,25,24

1L.3,4
14,26
126,25

| areas - sand-centered case
a,1,2,5.13.12 IA1

a,12,13,15,14 IA2
3,14,1520,24,23 1A}

223,765 A4
a,5,621,201513 A5
a6,7,2221 1AS

2,20,21,22,2524 A7
2342625227 A8

! Define mesh
type, 1

esize, 0.00635
amesh, alt

A6-208

Calculution Sheet. QAP 3.1, Rev. 6 (11-15-05)
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Project No. 0509206.01 Calculation No. 0509206.01-M-001 Rev.No. | Page No. 86 of 97

Title: DBVS ICV™ Box Thermal Analysis
Prepared By: P.S. Lowery | Date: 3720106 | Checked By: S.R. Pierce Date: 3/20/06

tAssign Materials to Areas

asel,,area,, 1
esla
emod,all,mat, 1

asel,,area, 2
esla
emod,allmat,9
alls

asel,.area,,3
esla
emod,all,mat, 1
alls

asel,,area, 4
esla
emod,all,mat,2
alls

. asel,,area, 5
esla

emod,all,mat,9
alls

asel,,area, 6
esla
emod,all,mat,5
alls

asel,.area,,7
esla :
emod,allmat,2
alls

asel,,area, 8

esla

emod,all mat,3

alls

! Impose BCs - sand-centered case

LSEL,S,LINE, .24

NSLL..1

SFALL CONV,-£,100 I apply horiz convection and ambient 100C
NSEL,S,LOC X,0 1 select nodes on left side
D.ALLTEMP,1700 1 apply fixed temp of 1700C
NSELALL

. ! Finished set-up. Now go to solver

Calculation Shee: QAP 3.0, Rev. 6 {11-13-05}
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Title: DBVS ICV™ Box Thermal Analysis
Prepared By: P.S, Lowery

Page No. 87 of 97

| Date: 3720106 | Checked By: S.R. Pierce Date: 3/20/06

fini

fsolu
solve
finish

Calculution Sheet: QAP 3.1 Rev. 6 (11-13-05)
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Title: DBVS ICV™ Box Thermal Analysis

Prepared By: P.S. Lowery I Date: 3/20/06 ' Checked By: S.R. Pierce I Date: 3/20/06

CASE 4.2.4: ICY™ BOX BOTTOM 1700°C MELT/60PC INTERFACE CONDITIONS; REDUCED

SURFACE HEAT TRANSFER COEFFICIENTS

1 2D BulkVit Bottom Wall Heat Trasnfer Simulation
1 Leaking Glass (Pure Glass) Scenario

1 Sand-centered case

I No Gap between box skin & tube stee!

1 % x Bottom heat transfer coefficient

ftitle, Box Bottom Heat Transfer - Case 4.2.4
fprep?

antype, 0
toffst, 273
tunif, 100

! Define element type
et, 1, plane55
keyopt, 1,11

ISpecify Material Properties

16" Castable Refractory 60 PC
MAT,1
MP,KXX,1,1.44,

18" Castable Refractory 110 C

Mat,2

MPTEMP
MPTEMP,1,25,540,815,1200,1500
MPDATA Kxx,2,1,1,0.86,0.78,0.668,0.534

IStee! Lining/TS 6x6

Mat,3

MPTEMP
MPTEMP,1,27,127.327,527,727,
MPDATA Kxx,3,1,60.5,56.7,48,39.2,30,

1Air Conduclivity

Mat.4

MPTEMP

MPTEMP,1,27,127,327,527,727,

MPDATA Xxx,4,1,0.0261,0.0331,0.0456,0.0569,0.0672,

1Sand

Mat.5

MPTEMP

MPTEMP,1,25,200,300,600,1000

MPDATA Kxx,5,1,0.17,0.25,0.285,0.38,0.55

A6-211
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Title: DBVS ICV™ Box Thermal Analysis

Prepared By: P.S. Lowery I Date: 3/20/06 I Checked By: S.R. Pierce ' Date: 3/20/06

1% x Combined Free & Radiation Heat Transfer Coefficient - horizontal Surface

I Models emissivity of box @ 0.8 & concrete shield walls @ 0.6
1 Assumes Tinf = 100°C

MAT,6

MPTEMP

MPTEMP,1, 25, 35, 45, 55,65, 75
MPDATAN(6,1,0.8, 1.0, 1.1, 1.3, 1.5, 1.8
MPTEMP,7,85, 95, 100, 125, 150, 175
MPDATAh(6,7,2.0,24,3.1,44,50,56
MPTEMP,13, 200, 225, 250, 275, 300, 325
MPDATA,hf,6,13,6.1,6.7,7.3,7.9,86,9.2
MPTEMP,19, 350, 375, 400, 425, 450, 475
MPDATA h{,6,19, 10.0, 10.7, 11.5, 12.3, 13.2, 14.1
MPTEMP,25, 500, 525, §50, 575, 600

MPDATA hf,6,25, 15.0, 16.0, 17.1, 18.2, 19.4

Wertical Convection (Not used in this modeh
MAT.7

MPTEMP
MPTEMP,1,100,105,110,115,120,125
MPDATA h{7,1,0.0,8.59.2,9.8,10.2,106
MPTEMP,7,150,175,200,225,250,300
MPDATA,h(,7,7,12.3,13.8,15.2,16.5,17.9,20.8

lAir Conductivity

Mat,8

MPTEMP

MPTEMP,1,27,127,327,627,727,

MPDATA Kxx,8,1,0.0261,0.0331,0.0456,0.0569,0.0672,

IGlass (Hybrid LAW/PNL-4800 Data)

Mat,9

MPTEMP
MPTEMP,1,25,200,300,400,500,600
MPDATA Kxx,9,1,1,1.12,1.14,1.2,1.29,1.41
MPTEMP,7,700,800,500,1000,1400,2000
MPDATA,Kxx,9,7,1.57,1.76,1.98,2.24,10,32

| keypoints - Sand-centered case

2, 0,0.165100
.13, 0.15240, 0.165100
k14, 0,0.190500
k,15, 0.15240, 0.190500
k.20, 0.15240, 0.2921

A6-212
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Title: DBVS ICV™ Box Thermal Analysis

Prepared By: P.S. Lowery

| Date: 3720106 | Checked By: SR. Picrce

| Date: 3120106

k.21, 0.33750, 0.2921
k.22, 0.35560, 0.2921
k23, 0,0.3556

k.24, 0.15240, 0.3556
k.25, 0.35560, 0.3556
k.26, 0.36195, 0.3556

| lines - sand-centered case

1.2
12,5
1,5,13
113,12
12,1

1,13,15
1,15,14
114,12

115,20
120,24
1,24,23
123,14

12,3
13,7
7.6
16,5

16,21
121,20

1,7,22
1,22,21

1,22,25
125,24

13,4
14,26
126,25

| areas - sand-centered case
a,1,2,5,13,12 A1

8,12,13,15,14 1A2
a,14,1520,2423  IA3

223765 A4
a,5,621,20,1513 A5
a,6,7,22,21 A6

a,20,21,22,2524 A7
2342625227 A8

A6-213

Calculation Sheet: QAP 3.1, Rev. 6(11-13-03)
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Calculation No. 0509206.01-M-001

Title: DBVS ICV™ Box Thermal Analysis

Prepared By: P.S. Lowery

| Date:3720/06 | Checked By: S.R. Pierce | Date: 312006

| Define mesh
type, 1

esize, 0.00635
amesh, all

IAssign Materials to Areas

asel,,area,,1
esla
emod,all, mat,1

asel,,area, 2
esla

emod,all mat,9
alls

asel,.area,,3
esla

emod,all mat,1
alls

asel,area, 4
esla
emod,all,mat,2
alls

asel,,area, 5
esla
emod,all,mat,9
alls

asel,,area, b
esla
emod,all,mat,5
alls

asel,,area,,7
esla
emod,all,mat,2
alls

asel,,area, B
esla
emod,all,mat,3
alls

| Impose BCs - sand-centered case

LSEL,S,LINE, .24
NSLL,.1
SF.ALL,CONV,-6,100

NSEL,S,LOC.X.0

! apply horiz convection and ambient 100C

1 select nodes on left side

Calculation Sheet: QAP 3.1, Rev. 6 (11-13-03)
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Prepared By: P.S. Lowery I Date: 3/20/06 | Checked By: S.R. Pierce Date: 3/20/06
D,ALL TEMP,1700 1apply fixed temp of 1700C
NSELALL

! Finished set-up. Now go to solver

fini

Isolu
solve
finish

Calculation Sheet: QAP 3.1, Rev. 6 (11-15-05)
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Preparcd By: P.S. Lowery | Date: 3/20/06 | Checked By: SR. Pierce | Date: 32006

CASE 4.2.5: ICV™ BOX BOTTOM 1700°C MELT/60PC INTERFACE CONDITIONS; INCREASED

SURFACE HEAT TRANSFER COEFFICIENTS

! 2D BulkVit Bottom Wall Heat Trasnfer Simulation
I Leaking Glass {Pure Glass) Scenario

| Sand-centered case

! No Gap between box skin & tube steel

| 2x Boltom heat transfer coefficient

hitle, Box Botlom Heat Transfer - Case 4.2.5
Iprep?

antype, 0
toftst, 273
tunif, 100

! Define element type
et.1, planes5s
keyopt, 1,1,1

1Specify Material Properties

16" Castable Refractory 60 PC
MAT,1
MP KXX,1,1.44,

18" Castable Refractory 110 C

Mat.2

MPTEMP
MPTEMP,1,25,540,815,1200,1500
MPDATA Kxx,2,1,1,0.86,0.78,0.668,0.534

ISteel Lining/TS 6x6

Mat,3

MPTEMP
MPTEMP,1,27,127,327,527,727,
MPDATA Kxx,3,1,60.5,56.7,48,39.2,30,

lAir Conductivity

Mat 4

MPTEMP

MPTEMP,1,27,127,327,527,727,

MPDATA Kxx,4,1,0.0261,0.0331,0.0456,0.0569,0.0672,

ISand

Mat,5

MPTEMP

MPTEMP,1,25,200,300,600,1000

MPDATA Kxx,5,1,0.17,0.25,0.285,0.38,0.55

A6-216

Calculation Sheet: QAP 3.1, Rev. 6(11-13-03)
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Title: DBVS ICV™ Box Thermal Analysis

Preparcd By: P.S. Lowery | Datc: 3/20/06 I Checked By: S.R. Picrce Date: 3/20/06

12 x Combined Free & Radiation Heat Transfer Coefficient - horizontat Surface

! Models emissivity of box @ 0.8 & concrete shield walls @ 0.6
1 Assumes Tinf = 100°C

MAT,6

MPTEMP

MPTEMP.1, 25, 35, 45, 55,65, 75
MPDATAf,6,1,3.2,3.9,456,53,6.2, 7.1
MPTEMP,7,85, 95, 100, 125, 150, 175
MPDATANLS,7,8.2,9.7, 12.3, 17.6, 20.1, 224
MPTEMP,13, 200, 225, 250, 275, 300, 325
MPDATA h{6,13, 24.6, 26.9, 29.2, 31.7, 34.3, 37.0
MPTEMP,19, 350, 375, 400, 425, 450, 475
MPDATAN 6,19, 39.8, 42.8,45.9,49.2, 52.7, 56.3
MPTEMP,25, 500, 525, 550, 575, 600

MPDATA 6,25, 60.2, 64.2,684,72.8, 77.5

Wertical Convection {Not used in this model)
MAT.7

MPTEMP
MPTEMP,1,100,105,110,115,120,125
MPDATA hf,7,1,0.0,8.59.2,9.8,10.2,106
MPTEMP,7,150,175,200,225,250,300
MPDATA hf,7,7,12.3,13.8,15.2,16.5,17.9,20.8

1Air Conductivity

Mat,8

MPTEMP

MPTEMP,1,27,127,327,527,727,

MPDATA Kxx.8,1,0.0261,0.0331,0.0456,0.0569,0.0672,

IGlass (Hybrid LAW/PNL-4800 Data)

Mat 9

MPTEMP
MPTEMP,1,25,200,300,400,500,600
MPDATA Kxx,9,1,1,1.12,1.14,1.2,1.29,1.41
MPTEMP,7,700,800,900,1000,1400,2000
MPDATA Kxx,9,7,1.57,1.76,1.98,2.24,10,32

! keypoints - Sand-centered case

.1, 0,0
0.15240,0
0.35560, 0
0
0

» 0.32650, 0.0635
, 7, 0.35560, 0.0635
2, 0,0.165100
3, 0.15240, 0.165100
14, 0,0.190500
k,15, 0.15240, 0.190500
k.20, 0.15240, 0.2921

e
b b b

A6-217
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Title: DBVS ICV™ Box Thermal Analysis
Prepared By: P.S. Lowery | Date: 372006 | Checked By: S.R. Pierce | Date: 320106

k.21, 0.32650, 0.2921
k,22, 0.35560, 0.2921
k23, 0,0355

k.24, 0.15240, 0.3556
k.25, 0.35560, 0.3556
k.26, 0.36195, 0.3556

| lines - sand-centered case

1.2
12,5
15,13
1,13,12
1,12,

113,15
115,14
1,14,12

1,15,20
120,24
124,23
123,14

12,3
13,7
.76
16,5

16,21
121,20

17,22
122,21

122,25
125,24

L34
1,4.26
1,26,25

[ areas - sand-centered case
a,1,2,513,12 A1

212131514 1A2
a,14,15202422 A3

a2376,5 1A4
8,56,21,20,1513 IAS
a,6,7,22.21 IAG

2,20,21,222524 A7
a,3,4.2625227 A8

Calculation Sheet: QAP 3.1, Rev. 6(11-15-03)
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Titte: DBVS ICV™ Box Thermal Analysis

Prepared By: P.S. Lowery ' Date: 3/20/06 | Checked By: S.K. Pierce I Date; 3/20/06

! Define mesh
type, 1

esize, 0.00635
amesh, all

lAssign Materials to Areas

asel,,area,,1
esla
emod,all,mat,1

asel ,area, 2
esla
emod,all,mat,9
alls

asel,,area,,3
esla

emod,all, mat,1
alls

asel,area, .4
esla
emod,ali,mat,2
alls

asel,area,,5
esla
emod,allmat,9
alls

asel,,area,.6
esla
emod,all.mat,5
alls -

asel,.area,,?
esla
emod,all,mat,2
alls

asel area,.8
esla
emod,all,mat,3
alls

! Impose BCs - sand-centered case

LSEL,S,LINE, 24

NSLL,,1

SF.ALL,CONV,-6,100 ! apply horiz convection and ambient 100C
NSEL,5,LOC.X.0 1 select nodes on left side

Calculation Sheer: QAP 3.1, Rev. 6 (11-15-05)
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CALCULATION SHEET

Project No. 0509206.01

Calculation No. 0509206.01-M-001

Rev.No. 1 Page No. 97 of 97

Title: DBVS ICVT™ Box Thermal Analysis

I Finished set-up. Now go to solver

fini

Isolu
solve
finish

Prepared By: P.S. Lowery I Date: 3/20/06 | Checked By: S.R. Pierce Date: 3720/06
DALLTEMP,1700 t apply fixed temp of 1700C
NSELALL

A6-220
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Bulk Vitrification Design Drawings
(8 pages including Attachment Cover)

Drawing Number Title Revision | Pages
F-145579-35-D-0004 Bulk Vitrification ICV Box Data Sheet 4 1
F-145579-35-D-0008 Bulk Vitrification ICV Box Plan & Sections 1 1
F-145576-35-D-0016 Bulk Vitrification ICV Box Refractory Assembly K 1
F-145579-35-D-0017 Bulk Vitrification ICV Box Refractory Details K 1
F-145579-00-D-0041 Bulk Vitrification Melt Area G.A, Elevations North and West F 1
F-145579-00-B-0020 Bulk Vitrification Shielding Walls Genera! Arrangement K 1
F-145579-00-B-0025 Bulk Vitrification Melt Area Steel Curbs F 1

Total Number of Drawing Pages 7
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technology

CALCULATION PROCEDURE CHECKLIST

Calculation Number; /458 79-D~CA-03] REY.2

¥ |G T T AeTION ACCORDING TO PROCEDURE EP 33> .~ . - . | INITIALDATE
1 | The calculation number has been obtained from Document Control and the
calculation number is logged in the hard copy Calcutation Log. 39?"‘ ! 3/aslot
2 | The calculation has been prepared using the forms associated with this procedure
(i.e., calculation cover sheet, summary sheet, and calculation sheet). O~ /5, R
3 | The calculation has been formatted per this procedure {header, page number, etc). 3y / S/Warz
4 | The appropriate revision number has been assigned. I 5N I3fz)es
§ | The discipline lead of affected documents has been notified of any changes. 2o~ 13/,
6 | All calculation sheets have been signed/initialed and dated. oD 13h324
7 | Attachments to the calculation are formatted as required and are included in the
calculation package. 6o~ I3/aeig
8 | The calculation package is complete and submitted to the assigned checker. DL 12450
9 | The checker has accepted comment resolution and signed the cover sheet. S I5py
10 -{)I"Ie _Cglculalion package has been submitted to Document Control {Preliminary) or I
iscipline Lead (Final). ™ Ve
Final Only /
11 | Design Verifications, where applicable, are complete in accordance with EP3.9. N/A /
12 { The calculations are stamped by a Registered PE (when required). N'/A !
13 | The Discipline Lead has approved the calculation and signed the cover sheet. oo /323,
14 Egigfslcnplms Lead has forwarded the calculation package to the Document oD Iafslng
Calculation Revisions
15 | The calculation caver page Is updated, noting the reason for revision. oA 33/
16 | Calculation sheets are updated in accordance with this procedure. 02542/ ke
17 | The appropriate revision number has been assigned. o-(gehfs/ns/ag
18 ;h; gc::;kmg and approval {when required) have been completed and cover shest a5 Ia/ 33/4{.
EP 3.3-3F Qctober 03

*Each action Is 10 ba verifiad by the Originator.
* This checklist applies to preliminary and final calculations
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Subcontractor Caleculation Review Checklist.

Page 10of1

Subject: Area 35— Transient Ieat Transfer Calculations of ICVT™ Box

The subject document has been reviewed by the undersigned.
The checker reviewed and verified the following items as applicable.

oL dfzefec
Documents Reviewed: 145579-D-CA-001, Rev. e .mLQ 4ok

Analysis Performed By: AMEC/DMINM/ARES

‘Design Input

Basic Assumptions

Approach/Design Methodology

Consistency with item or document supported by the calculation
Conclusion/Results Interpretation

Impact on existing requirements

Checker (printed name, signature, and date): M. W.Leonard AW, L...__Jy ' 3’ 31 ’D‘a
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